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Abstract 
The reactivity of perfluoroarenes and hetarenes towards SNAr reactions was studied as part of 
a synthetic programme to form an assembly of novel heterocyclic aromatic compounds for 
material and pharmaceutical applications. In chapter 1 the chemistry of perfluoroarenes is 
reviewed together with the use of conjugated compounds in organo-electronic applications. In 
chapter 2 the successful replacement of the remaining fluorine atoms in 6,12-
difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene through SNAr reaction with long chain 
alkoxy and alkylthio nucleophiles is  reported. An X-ray crystallographic investigation into 
their solid state packing was undertaken which would provide useful information for 
organoelectronic applications. Reactions with nitrogen and carbon based nucleophiles were 
also studied but met with little success. In chapter 3, alternative methods for the reductive 
cyclization of aryl and 2-bromoaryl perfluoroethers and sulfides to replace the currently used 
lithium-bromine exchange were explored, namely the use of radical cyclizations, palladium, 
magnesium, copper and Rieke metals. Some success was found using magnesium as a 
reagent although yields were low. Attempts to effect cyclisation reactions by ortho-lithiation 
and Ullmann coupling reaction with fluoroarenes is also reported. In chapter 4 attempts to 
generate alternative ring fusion in annulation reactions to form fused benzothiophenes by a 
dianion strategy are described. Development of methods to synthesise helicene or curved 
polycyclic structures from dibenzothiophene precursors is reported. In chapter 5 the synthesis 
of nitrogen containing fluorinated compounds with potential bioactivity is described. A series 
of novel amino substituted fluoroaromatics were successfully synthesised by adding different 
nitrogen based nucleophiles to pentafluoropyridine. Smiles rearrangement of a 
tetrafluoropyridyl sulphonamide was found to occur. A number of fluoropyridyl aniline 
derivatives were successfully synthesised some of which were submitted for biological 
screening. Substitution reactions of bis-nucleophiles bearing two heteroatom groups to form 
fused six membered rings were also studied. A Smiles rearrangement was identified in the 
reaction with an aminobenzenethiolate and confirmed by X-ray crystallography. 
Experimental procedures are given in chapter 7 as well as characterisation and 
crystallographic data of molecules synthesised during the research.  
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1-Introduction 
1.1. Fluorinated Heterocyclic Compounds 
1.1.1. Fluorine and its Chemistry 
Fluorine was discovered by Swedish chemist C.W. Scheele in 1771, but isolated only about 
one century later in 1886. Henri Moissan, a French chemist isolated elemental fluorine on 
June 28, 1886.
1
 Fluorine was not isolated from its compounds earlier because of its extreme 
reactivity. After continuous efforts over many years, which cost many researchers lives, the 
final experiments were carried out in June 1886. The key experiment consisted of 
electrolyzing a solution of potassium fluoride in dry hydrogen fluoride in a rather exotic piece 
of equipment. Moissan made the electrolytic cell body of platinum to resist the extra-
ordinarily corrosive fluorine gas produced. The conducting electrodes were fabricated from 
an alloy of platinum and iridium and fitted into fluorspar stoppers. This way for the first time 
elemental fluorine was isolated. In 1906, Henri Moissan received the Nobel Prize in 
chemistry. In 1907, he died at the age of 54, but the field of fluorine chemistry was born with 
the first isolation of elemental fluorine.
1,2,3 
Fluorine, is a pale greenish-yellow gas, meaning ‘to flow’. It occurs naturally within fluorite 
crystals. Fluorine reacts with water vapor in the air to form hydrogen fluoride and ozone. 
Fluorine was used on large scale during World War II in the making of the atom bomb. For 
this uranium hexafluoride (UF₆) was used to separate the 235U and 238U   isotopes of the 
metal. For the first atomic bomb, the fissile 
235
uranium was needed. To produce enriched 
uranium for nuclear power applications gaseous (UF₆) is used both in gas diffusion process 
and the gas centrifuge process these days. Uranium refining for nuclear energy is still a major 
use of elemental fluorine.
1-10 
Fluorine now finds wide application in many fields of chemistry and industry. A summary of 
key developments in the history of fluorine chemistry is shown below. This thesis focusses 
on the role of fluorine in organic compounds, and the use of fluorinated arenes as building 
blocks in heterocyclic synthesis. 
 
 
 
3 
 
1.1.2. History of Organo-fluorine chemistry 
1764-First synthesis of hydrofluoric acid (A. S. Marggraf) 
1886-First synthesis of elemental fluorine (Moissan) 
1890-Beginning of halo fluorocarbon chemistry 
1892- Swartz’s discovery of the Cl/F exchange chemistry of SbF₃. 
1920’s-Synthesis of fluoroarenes via Balz-Schiemann reaction 
1930’s-Midgley’s invention of ‘Freon’. 
1938-Plunket’s discovery of ‘Teflon’ and birth of fluoropolymers. 
1947-Fowler‘s discovery of the CoF₃ method of perfluorination. 
1949-Simon’s discovery of electrochemical fluorination. 
1941-1954-Manhattan project 
1950’s-Fluoropharmaceutical, agrochemicals, artificial blood. 
1954-Fried’s initial pioneering work in ‘Medicinal’ fluorine chemistry. 
1962-Bartlett’s discovery of noble gas chemistry (preparation of XePtF₆). 
1974-Molina and Rowland’s model of ozone depletion by CFC’s published. 
1979-Margrave’s ‘Direct’ perfluorination discoveries. 
1980’s-Chemicals for the semi-conductor industry. 
1990’s-Fluorinated liquid crystals. 
2000’s-Fluorinated photoresists for 157 nm photolithography. 
2003-O’Hagan’s isolation of the first fluorinating enzyme.11-18 
4 
 
1.1.3. Properties 
Fluorine is the most electronegative and most reactive of all the elements. It forms 
compounds with all the elements except noble gases helium and neon. Fluorine is also one of 
the smallest substituents. Due to its very weak F-F bond
53
, it has exceptionally high reactivity 
and forms very strong bonds with other elements. In a highly fluorinated compound the 
strength of C-H, C-C and C-F bonds gives rise to the extraordinary thermal and oxidative 
stability that is a general characteristic of organo-fluorine compounds.
18-23 
1.1.4. The carbon-fluorine bond  
In organic chemistry the C-F bond is the strongest single bond to carbon (484 kJmol
-1
)
24
 and 
the most inert and most resistant to oxidative degradation. Its added stability is because of its 
partially ionic character. The partial ionic character is a result of the electronegativity of 
fluorine. It induces partial charges on the carbon and fluorine atoms (
σ+C─σ-F), leading to 
electrostatic attractions making the bond short and strong. 
Fluorocarbons have extreme chemical and physical properties. These properties have 
practical applications in energy conversion refrigerants, aerosol, propellants, plastics, 
pharmaceuticals, oils etc. 
1.1.5. Properties of the fluorine atom and of carbon-fluorine bonds 
Due to the properties of the fluorine atom and its effects on molecular systems, the synthesis 
of fluorinated compounds is interesting and important. Fluorine is the most electronegative 
atom and exerts a large negative inductive effect when it is introduced into an organic 
molecule. Despite a lack of d-orbitals (1s
2
, 2s
2
, 2p5) and multiple oxidation states, fluorine is 
still an interesting atom to study and can influence molecular properties in many ways. 
Table.1.1. Typical lengths of bonds to carbon. 
 
C-C 1.53 
C-H 1.09 
C-O 1.43 
C-F 1.40 
C-Cl 1.79 
 
Bond to sp
3
 hybridised carbon- Average bond length/Å    
5 
 
Because of the small size and three non-bonding electron pairs,
18,20,21,25
 there is significant 
electron repulsion due to fluorine. Fluorine acts as a π-donor atom despite a very strong σ-
withdrawing effect. 
 
Table.1.2. Bond energies of bonds to carbon 
 
C- H 418 
C- O 351 
C- N 289 
C- C 339 
C- F 439 
C- Cl 331 
C- Br 280 
C- I 238 
 
Single Bond Average Energy/kJmol
-1
 
 
The bond between carbon and fluorine is the strongest single bond compared to other carbon 
halogen bonds. That is the reason many fluorinated compounds are highly inert compared 
with hydrocarbons. The best example is polytetrafluoroethene (PTFE) and polyethene (PE). 
PTFE is thermally stable at 380 
o
C and even at higher temperature, decomposition does not 
occur. The polymer unzips into monomers tetrafluoroethene (TFE) and other species 
depending upon reaction conditions. The thermal stability of polyethene is low because of the 
weaker carbon-hydrogen bond.
26-32
  
1.1.6. Naturally occurring compounds containing fluorine 
Fluorine is the 13
th
 most abundant element in the nature. It has been difficult to incorporate 
fluorine into naturally occurring organic molecules because of the very strong energy of 
solvation of fluoride ion in water. Only a few naturally occurring fluorine-containing 
compounds are known, and none contains more than one fluorine atom. Even nature finds 
fluorine chemistry hard, therefore, it is no surprise this element is a challenge for chemists. 
6 
 
1.1.7. The first fluorinating enzyme 
The first known fluorinase enzyme was discovered by David O’Hagan from the University of 
St. Andrews. The fluorinase can catalyse carbon-fluorine bond formation between an organic 
substrate and fluoride ion. He studied the enzymatic fluorination by incubating a protein 
extract from Streptomyces cattleya with potassium fluoride and S-adenosylmethionine as 
shown in Scheme 1.
33-36
 
 
 
Scheme 1: Fluorinase enzyme.
47 
The product formed was 5
'
-fluoro-5
'
-deoxyadenosine, which is further converted by other 
enzymes to fluoroacetate, FCH2CO2
-
. Fluoroacetate has been identified in more than 40 plant 
species and is the most widely known natural organofluorine compound. Recently chemists 
have developed a number of synthetic routes to prepare organo fluorine compounds. 
Though fluorine is a relatively abundant element in the earth’s crust, the concentration of 
fluoride ion in surface water is low and fluorinated metabolites are extremely rare. Low 
availability and lack of chemical reactivity have largely excluded fluoride from 
biochemistry.
36
 
  
 
 
Figure 1: Naturally occurring fluoro-organic compounds.
36,37,38 
7 
 
Introduction of fluorine into an organic molecule can readily change the physiochemical 
properties of the molecule. Dramatic changes can occur by just introducing even a single 
fluorine atom into an organic molecule. 
For example substituting hydrogen in acetic acid by fluorine generates the rare, but very 
toxic, natural product fluoroacetic acid (CH₂FCOOH). Fluoroacetic acid is found in plants in 
South Africa and is responsible for many deaths among cattle. 
34,37,38
 
1.2. Applications of organofluorine compounds 
1.2.1. Organofluorine compounds 
Organofluorine compounds that have carbon-fluorine bonds are diverse in their types. They 
may be fluorocarbons, fluorocarbon derivatives, fluorinated pharmaceuticals and 
agrochemicals or mono-fluorinated biologically synthesized compounds. Fluorocarbons are 
classed as compounds that contain only carbon and fluorine. They can be gases, liquids, 
solids or waxes depending upon their molecular weight. The simplest fluorocarbon is the 
gaseous tetrafluoromethane (CF4), while liquids include perfluorooctane and perfluorodecalin 
employed as solvents. The fluorocarbons with single bonds are stable; unsaturated 
fluorocarbons are more reactive especially those with triple bonds. Other molecules that 
contain many carbon-fluorine bonds are however also commonly referred to as 
fluorocarbons.
10,39,40 
Pharmaceuticals and agrochemicals commonly contain fluorine or a trifluoromethyl group to 
improve the lipophilicity. ‘F’ and ‘CF₃’ groups also suppress metabolic processes, increasing 
the in vivo life-time of drugs.
44
 However, some are more highly fluorinated, such as 
hexaflumuron 7,
43
 which has six fluorines and contains a tetrafluoroethoxy functional group. 
In pharmaceuticals, agrochemicals and material products fluorinated chemicals have growing 
applications. Because of its small size and compact structure ‘F’ sits between ‘O’ and ‘H’ and 
can replace oxygen or hydrogen in an enzyme substrate without any significant change in the 
shape and recognition of the target enzyme.
41,42 
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Figure 2: Structure of hexaflumuron.
43 
1.2.2. Fluorinated materials 
Fluorinated materials play an important role in material science because of their thermal and 
oxidative stability like fluoro-polymers, liquid crystals and fire extinguishants. The C-F bond 
in these polymers is thermally stable, chemically inert and non-stick because of low affinity 
of fluorine for other materials.
14
 
1.2.3. Fluoropolymers 
The discovery of polytetrafluoroethylene (PTFE), ‘TEFLON’ by Roy Plunkett at Du-Pont in 
1938 and preparation of polychlorotrifluoroethylene (PCTFE) are turning points in the field 
of fluoropolymers and commercial application of organofluorine chemistry.
45 
 
        PTFE (Teflon) 
Scheme 2: Synthesis of PTFE. 
PTFE was discovered accidentally and is inert to all chemicals. PTFE is used as non-stick 
material and as the breathable waterproof fabric Goretex.® Krytox (perfluoropolyether) is 
another fluorine  containing compound, which is used as a lubricant in high performance jet 
engines for commercial, military and space flight. The latest developments in the field of 
fluoropolymers include development of new amorphous fluorinated resins, for example 
Teflon AF used in microchip manufacture and optical fibres and monomers, and Nafion used 
in fuel cells.
45
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1.3. Medicinal fluorine chemistry 
1.3.1. Biologically active fluoro chemicals 
A fluorine atom can be introduced at any position in carbon-hydrogen compound. As fluorine 
is not much bigger than the hydrogen atom, and due to its high electronegativity, it induces 
polarization of the compound in which it is placed, and hence changes the biological effects. 
Therefore, it is a common component of many current drugs, including anti-cancer, anti-viral, 
anti-inflammatory, anti-biotic drugs, as well as central nervous system agents, diuretics, anti-
hypertensive agents and anti-arrhythmic heart drugs. For example the antimalarial drug 
‘Lariam’ is an important example of a selectively fluorinated drug. 
 
Figure 3: Structure of Lariam. 
 Many antibacterial agents are based on 6-fluoroquinolones while linezolid is a new 
fluorophentlenediamine active against gram-positive bacteria. Prozac, an antidepressant, 
contains a CF₃ group, as does Efavirenz with a CF₃ group at a chiral center. 
Uracil is a component of RNA and a precusor to thymidine. Replacing the 5-hydrogen with 
fluorine, gives 5-fluorouracil, which is an effective chemotherapeutic agent for some types of 
cancers, and acts as an inhibitor of thymidylate synthetase.
46
 Figure 4 shows examples of 
recent anti-cancer drugs. 
10 
 
 
                                                 Figure 4: Anti-cancer drugs  
 
An important contribution to medicine was the creation of compounds that induce anesthesia. 
The following are important fluorinated compounds used as anesthetics; halothane, 
isoflurane, sevoflurane, and desflurane.
48
  
 
 
 
Figure 5: Important anesthetic compounds.
49 
 
In 1954 Fried and Sabo discovered 9-alpha-fluorohydrocortisone acetate which showed 
glucocorticoid activity 11 times more than the corresponding hydrocarbon (cortisol acetate).
 
Fried’s discovery helped to develop six commercially available anti-inflammatory agents. 
This important finding that by introduction of fluorine changes the pharmacological 
properties of organic molecules became the basis of synthetic drug developments in the 
pharmaceutical industry.
50,51 
1.3.2. Agrochemicals 
Many fluorine containing compounds play important roles in agrochemistry as herbicides, 
insecticides and fungicides in the area of crop protection,52 with substituents such as 
trifluoromethyl, difluoromethyl and other fluorinated groups. Two important examples of 
fluorine containing agrochemicals are haloxyfop and chlorfenapyr.
53,54,55 
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Figure 6: Fluorine containing agrochemicals. 
 
Another application of fluorine containing compounds is the use of 
18
F radioisotope (a 
radioactive compound that emits a positron with a half-life of 110 minutes in positron 
emission topography (PET). 
18
F-fluorodeoxy-D-glucose is used in scanning techniques to 
study tissues in human body.  PET scanning with such tracers is widely used in clinical 
oncology.
56,57,58 
1.4. Introduction of fluorine into organic compounds 
Though elemental fluorine is too reactive to combine safely with organic compounds, under 
specific conditions such as correct choice of solvent, temperature and degree of dilution, 
favorable results can be obtained. By working at low temperature, the energy that is released 
at fluorination can be safely dissipated. Examples include addition of ‘F₂’ to olefins at -72 oC 
giving fluorides in good yield. Diluted ‘F₂’ (with N₂ or Ar) fluorination has been studied, 
while ‘F₂’ fluorination with polar solvents like water was also investigated.59
 
Fluorinating agents available for synthetic procedure are described below. 
 
 
 
Scheme 3: Synthetic procedure. 
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Different synthetic routes to a wide variety of fluoro-organic molecules are used but industry 
mainly relies on hydrogen fluoride. For the synthesis of fluorinated compounds, two 
approaches are used.
60 
 
1.4.1. Chemical Methods 
There are two approaches for chemical methods. 
(a) The building block approach means inserting a group with existing C-F unit into a 
molecule. 
(b) En-route fluorination means creating new C-F bond by fluorination. 
 
 
 
Scheme 4: En-route fluorination 
 
Scheme 4 shows the synthesis of a trans-𝛼-trifluoromethyl allylic alcohol performed by the 
CsF-catalyzed nucleophilic trifluoromethylation of enones with TMS-CF3.
61-67 
 
1.4.2. Electrochemical Methods 
Electrolytic fluorination is a good method for fluoro-organic synthesis. The following are 
advantages of electrolytic fluorination methods:
68 
(a) The reagents used are not hazardous or toxic and fluoride salts are less corrosive than 
other compounds. 
(b) Under mild conditions fluorination can be carried out in standard equipment. 
(c) By varying the applied potential, and current, the fluorination process can be controlled   
easily.
 
(d) Secondary pollution can be avoided, so it is a form of green chemistry.
71 
During the last 50 years, electrochemistry has made significant contribution. By Simon’s 
process developed in 1949, it is now possible to make perfluorinated compounds.
70 
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Scheme 5: Electrochemical methods.
69 
1.4.3. Electrophilic fluorination reactions 
Electrophilic fluorination involves a reagent containing an equivalent to ‘F+’. ‘F+’ can be 
transferred to the reactant by nucleophilic attack.  Elemental fluorine has been used as an 
electrophilic fluorinating agent due to its very low F-F bond energy (36.6 kcal/mol), despite 
its toxic nature. 
72
 An important example of elemental fluorine as an electrophilic reagent is 
in the synthesis of 5-fluorouracil. The reaction is used in industry to produce 5-fluorouracil 
an important chemotherapeutic agent.
73,80 
 
 
 
Scheme 6: Industrial preparation of 5-fluorouracil.
73 
 
Other reagents have been introduced due to the reactivity of elemental fluorine and the 
difficulties associated with its handling. Hypofluorites, containing the ‘OF’ group are another 
class of reagent. Examples of this type are CH3COOF
74
, CF3COOF
75
 and CF3OF
76
. Many of 
these reagents are strong oxidizing agents and side products are produced as well.
77 
A 
significant advance in this area is the less reactive N-F reagent to perform more controlled 
fluorination due to the decreased electrophilicity of fluorine. Important reagents in this class 
are N-fluorosulfonamides and selectfluor
TM
.
78
 An important reagent in this class is N-
fluorobenzenesulfonimide (NFSI)
79
 shown figure 6. 
 
 
 
Figure 7: Electrophilic fluorination reagent NSFI.
79 
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1.4.4. Nucleophilic fluorination reactions 
Nucleophilic fluorination reactions use reagents that generate ‘F-’ to displace a leaving group 
such as chloride or bromide. The simplest ones are alkali metal fluorides used in metathesis 
reactions.81 
 
 
Scheme 7: Metathesis reactions 
 
In the Sandmeyer or Schliemann reactions,
82
 the decomposition of aryl diazonium 
tetrafluoroborates exploits fluoroborates as ‘F-’ sources. 
 
 
 
Scheme 8: Sandmeyer or Schliemann reactions 
 
Hydrogen fluoride is the most common source of nucleophilic fluorine in the synthesis of 
organo-fluorine compounds. By using this approach 1,1,1,2-tetrafluoroethane has been 
prepared industrially replacing CFC’s. The transformation involves two reaction types, 
metathesis (replacement of Cl
-
 by F
-
) and hydrofluorination of an alkene. A widely used 
reagent to introduce fluorine into organic compounds is diethylaminosulfur trifluoride 
(DAST)
83
 as highlighted in scheme 9, where it shows conversion of a ketone to a geminal 
difluoride. 
 
 
 
Scheme 9: Reaction of 4-t-butylcyclohexanone with diethylaminosulfur trifluoride (DAST).
84 
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1.5. Organofluorine Chemistry, the 20
th
 Century
86 
Fluoro-organic compounds are used widely in daily life. Examples are chlorofluorocarbon 
(CFC) refrigerants, replaced by hydro fluorocarbons (HFC). Fluorinated anaesthetics are 
important in medicine as are drugs such as the antidepressant Prozac
®
. Their biological 
activities are improved due to the presence of fluorine atoms in their structures. 
Fluoropolymers are also used widely in non-stick coatings on cookware (Teflon
®
, DuPont), 
water-proof clothing (Gore-Tex
®
, W. L. Gore) and as high performance lubricants.   
Previously prepared fluorinated compounds for example perfluorocarbon fluids in the 1930
’
s, 
are being developed as imaging agents for the diagnosis of heart disease and as oxygen 
carrying blood substitutes. Polytetrafluoroethylene is thermally and chemically extremely 
resistant as compared to the non-fluorinated compound polyethylene. There is also the 
possibility of creating new organofluorine compounds with each molecule having its own 
unique properties and chemical reactivity. Therefore, organofluorine chemistry is a 
potentially vast area of organic chemistry.
63
 Examples of some important fluorinated 
compounds used in the pharmaceutical and agriculture areas are shown in Scheme 10. 
 
 
Scheme 10: Pharmaceutical and agrochemical that have fluorine atoms in their structure.
85 
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1.6. Organo-fluorine chemistry in the new millennium
 
Organo-fluorine chemistry has found many successful applications in pharmaceutical and in 
materials suggesting that the future of fluorine chemistry is very promising. One of the main 
challenges that human kind faces is to develop new pharmaceuticals for the treatment of fatal 
diseases such as cancer and Aids and also to improve the current medicines available. 
The organic molecules that are biologically active by the presence of at least one fluorine 
atom are important for addressing this issue. The fluoro-quinolone antibacterial agents are 
important in this respect, and the number of fluorine containing drugs and agrochemicals is 
increasing rapidly. 
The recent work through direct fluorination processes and availability of fluorinating agent 
are important steps towards this issue. Effective methodologies for the preparation of new 
fluorinated building blocks and fluorinated natural products continue to evolve to give a large 
diversity of fluorocarbon structures which are essential for drug discovery programmes. 
The challenge being faced at the moment is the lack of methodologies for synthesizing 
selectively fluorinated chiral molecules.  
The synthesis of highly fluorinated polymeric systems also has many applications. The 
chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) have been used as feed 
stocks for the synthesis of a number of ‘downstream’ commercial products. For example, 
CF2HCl (refrigerant) is the precursor for a number of important polymers, such as PTFE. The 
hydro fluorocarbons (HCFCs) could also yield valuable and useful downstream materials in 
the future. The direct fluorination of a wide variety of hydrocarbon polymers could also allow 
fabrication of new materials. These methods could potentially be used for perfluorination of 
high molecular weight polymers.
63 
In the new millennium man could travel in cars powered by engines lubricated by 
fluorocarbon greases and fabricated from fluorocarbon polymers or live in houses coated by 
weather proof fluorinated paints. Fluorinated surfaces carpets would never need cleaning. To 
prepare food with fluorocarbon kitchenware that was grown with the help of fluorinated 
agricultural agents. Illnesses may be detected by fluorocarbon imaging agents and treated by 
using fluorinated drugs in operations carried out under fluorocarbon gas anaesthetics.
86,87 
1.7. Perfluoroaromatic compounds 
Fluorinated aromatic and heterocyclic compounds have many special properties that separate 
them from other halogenated compounds. When introduced into arenes fluorine exerts a wide 
17 
 
range of novel properties and chemistry. Perfluorinated compounds are the compounds in 
which all sites usually occupied by hydrogen carry a fluorine atom. An important group is the 
perfluoroarenes, while many fluorocarbons are inert, perfluoroarenes display high reactivity 
towards nucleophiles.
88 
In 1959 a general route to aromatic fluorocarbons was established, which involved a 
complete fluorination of a hydrocarbon followed by partial defluorination under vigorous 
conditions over iron, nickel or Fe₂O₃. Pentafluoropyridine was prepared for the first time by 
defluorination of perfluoropiperidine, which was obtained via the electrochemical 
fluorination of pyridine or piperidine. In addition, perfluoro-2, 3 and 4-methyl pyridines have 
been prepared by the same methodology.
89,90 
In the 1950’s hexafluorobenzene became available in quantity and it was found to be 
unreactive towards electrophiles, however it was soon realized that hexafluorobenzene was 
very reactive towards nucleophilic substitution reactions (SNAr). The chemistry of 
hexafluorobenzene and heterocyclic analogues such as pentafluoropyridine has been 
developed since the 1960’s.91 
1.8. Reactions of perfluorinated compounds in heterocyclic chemistry 
1.8.1. Perfluorinated derivatives 
1.8.2. Nucleophilic substitution reactions 
Fluorinated arenes are important because of their reactivity towards nucleophilic aromatic 
substitution. These are of fundamental interest from an academic point of view. For 
nucleophilic attack they present reactivity and orientation problems of mechanistic interest. 
They are analogues to classical electrophilic aromatic substitution processes presented by 
aromatic hydrocarbon systems. 
The literature organofluorine chemistry has a considerable amount of material available.
92,93
 
The various nucleophiles for example C, O, N, S and P react with perfluoroarenes through 
SNAr reaction. Different examples of nucleophiles reacting with hexafluorobenzene are 
shown in Scheme 11. In the first example, hexafluorobenzene reacts with the anion of diethyl 
phosphonate through its phosphorus atom to give a phosphonate.
94
 Hexafluorobenzene 50 
also reacts with alkyllithiums, such as methyllithium to give pentafluorotoluene
 
54.
95
 Another 
example is the reaction of the sodium salt of benzyl alcohol 55 with hexafluorobenzene to 
form ether 52.
95
 Hexafluorobenzene 50 also reacts with amines such as morpholine 57 to give 
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tertiary amines 51.
96
 An example of the reaction of a sulfur nucleophile with 
hexafluorobenzene 50 is the reaction with sodium hydrogen sulfide to form 
pentafluorobenzenethiol
 
53.
97 
 
 
 
 
Scheme 11: Various SNAr reactions of hexafluorobenzene. 
 
In all these cases the attacking nucleophile forms an anionic tetrahedral intermediate on the 
electron deficient fluorinated ring. The charge is delocalized across the five remaining 
fluorine substituted sp
2
-hybridised carbons, and is stabilized by the inductive effect of the 
fluorine atoms as shown in Scheme 12. The important resonance structure with the charge on 
the central carbon with the maximum orbital coefficient is shown. This is then followed by 
rearomatisation with the loss of a fluoride ion to form the product
 
59.
93 
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Scheme 12: Mechanism of SNAr reaction. 
 
Addition of the same or different nucleophiles can occur to the mono-substituted 
perfluorobenzene derivatives as shown in the Scheme 13. 
 
 
 
Scheme 13: 1,4-disubstitution of hexafluorobenzene. 
 
An example of the di-substitution of hexafluorobenzene 50 is the reaction with n-butyllithium 
to form 1,4-dibutyl tetrafluorobenzene 62. 
 
 
 
Scheme 14: Reaction of hexafluorobenzene 50 with n-butyllithium.
98
 
 
The 1,4-disubstitution product is afforded when two molecules of the same nucleophile 
attack, due to the destabilizing effect of the para-fluorine if the nucleophile attacks at any 
other position. 
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Scheme 15: Mechanistic basis of orientation in disubstitution of hexafluorobenzene. 
 
The attack at the 4-position is facilitated by the strong inductive effect of one ipso and two 
ortho-fluorines. The intermediate is however destabilized by the para-fluorine due to the 
repulsion caused by the lone pairs on the fluorine atoms of the electrons accumulating in the 
p-orbital on the C-1(largest orbital coefficient in the delocalized π-system). The meta-fluorine 
has an activating effect which has been ascribed to a dipole effect.
99
 
The attack of different nucleophiles to mono-substituted perfluorobenzene derivatives, 
mainly forms 1,4-addition products with minor amounts of ortho-substituted compound, for 
example the reaction of ethyl pentafluorobenzoate with sodium ethoxide gives the 1,4-
disubstituted product 66 in 96% yield with a trace amount of the 1,2-disubstituted compound 
67.
100 
 
Scheme 16: Reaction of ethyl pentafluorobenzoate with sodium ethoxide. 
1,4-Addition is still observed when the first group added is an electron donating group to 
avoid the repulsion effect of para-fluorine atom. For example the addition of 2-bromophenol 
68 to hexafluorobenzene 50 gives the 1,4-bis ether via the mono-substituted compound.
101
 
The second nucleophile reacts more quickly than the first one, due to the presence of a 
destabilising para-fluorine. Any other atom in the para-position makes that compound more 
reactive. A large excess of starting perfluoroarene is often required to obtain a useful yield of 
a mono-substituted compound. 
21 
 
 
 
 
Scheme 17: Reaction of hexafluorobenzene with 2-bromophenol.
101
 
 
There are a few exceptions where 1,2-disubstitution can occur instead of the more common 
1,4-disubstitution. An example of 1,2-disubstitution is the reaction of sulfone 71 with ethyl 
magnesium bromide 72 to form the product 74. In this case the first substituent can 
coordinate with the incoming nucleophile and the ethyl group adds ortho to the sulfone 
group.
102
 
 
 
Scheme 18: 1,2-disubstitution reaction of sulfone 71 with ethyl magnesium bromide 72.
102 
1.8.3. Perfluorinated pyridine 
Pentafluoropyridine has been used as a scaffold in the synthesis of ring fused polycyclic 
systems and in the synthesis of highly functionalized heteroaromatic compounds. 
Due to the presence of five highly electronegative fluorine atoms attached to the heterocyclic 
ring, pentafluoropyridine is highly reactive towards nucleophilic attack and all five fluorine 
atoms can be replaced by nucleophiles in SNAr reactions.
103
 The attack of regiochemistry also 
depends on the effect of each substituent once attached to the heterocyclic ring as well as the 
22 
 
nature of the attacking nucleophile.
103
 Many types of nucleophile are known to react 
including amines, thiols, alkoxides and organometallic reagents. 
 
 
 
Scheme 19: Reaction of pentafluoropyridine 75 with nucleophiles to form pentasubstituted 
pyridine systems.
104 
An early example of nucleophilic substitution of pentafluoropyridine 75 is the reaction with 
ethyl acetoacetate in the presence of NaH and THF to provide compound 84 that arose from 
the replacement of fluorine at position 4 by the enolate of 83.
98,99
 In the second example 
pentafluoropyridine 75 reacted with phenyllithium 82 and afforded biaryl compound 79.
105
 
The reaction of more nucleophilic hydrazine 81 with pentafluoropyridine 75 again added at 
C-4 to give compound 80.
106 
 
    
                                                                                                            
Scheme 20: Nucleophilic substitution reaction of pentafluoropyridine with different 
nucleophiles. 
In addition, the reaction of pentafluoropyridine 75 with acetamidine 85 in the presence of 
NaHCO3 under reflux for 17 h gave uncyclised amidine derivatives 86.
107
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Scheme 21: Reaction of pentafluoropyridine with acetamidine.
107
 
 
Another example of nucleophilic substitution on pentafluoropyridine is its reaction with 2-
iminopiperidine 88 which provided tricyclic compound 89 in the presence of NaHCO₃ and 
heating at 180 
o
C for 30 minutes under microwave irradiation. The nucleophile first added at 
C-4 followed by a second SNAr at C-3 to close the imidazole ring 89.
107
 
 
     
                                                                                                          
Scheme 22: Reaction of pentafluoropyridine with 2-iminopiperidine.
107
 
 
Mostly aromatic nucleophilic substitution reactions occurs at the 4-position in 
pentafluoropyridine 75, but there are a few exceptions. Oxime salt 90 reacted at the 2-
position due to the directing effect of the complex formed between pyridine ring and the 
incoming salt.
108 
 
 
                                                                                                           
Scheme 23: Reaction of keto-oximates  90 with pentafluoropyridine 75. 
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Reaction of 4-methoxytetrafluoropyridine 92 with diethylamine resulted in dealkylation of 
the methyl group instead of SNAr reaction at the 2-position forming the pyridinone salt 93.
108 
 
 
                                                                                                                                                                                                             
Scheme 24: Reaction of 4-methoxy tetrafluoropyridine 92 with diethyl amine.  
 
When 4-nitrotetrafluoropyridine 98 was treated with diethyl amine, two products were 
formed. The major product was the 2-diethylamino-4-nitrotrifluoropyridine 99 formed by 
SNAr reaction at C-2, while the minor product was 4-diethylamino tetrafluoropyridine 100 
formed by SNAr reaction at C-4 with displacement of the nitro group.
108 
 
 
                                                                                                         
Scheme 25: Reaction of 4-nitro-tetrafluoropyridine 98 with diethylamine. 
 
With perfluoroheteroaromatic systems, hexafluoropropene can be activated with fluoride ion 
to form a nucleophile, which can effect SNAr reactions. Using an excess of 
tetrafluoroethylene and fluoride ion, polysubstitution occurs and all five fluorine atoms can 
be replaced. 
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Scheme 26:  ‘Negative’ Friedel-Craft reactions.108 
 
The reaction can be considered as a negative ‘Friedel-Craft reaction’.  Further substitution of 
the perfluoroalkyl groups was influenced by electronic and steric factors and reversibility due 
to fluoride ion. The reaction of the 2,4-disubstituted system 109 gives the kinetic product 
2,4,5-trisubstituted pyridine 110 at low temperature and the thermodynamically stable 2,4,6-
trisubstituted product 111 at higher temperature.
108 
 
  
                                                                                                      
Scheme 27:  Polyperfluoroalkylation processes.
108 
Perfluorinated diazines (pyrimidine, pyrazine and pyridazine) are about 1000 times more 
reactive than pentafluoropyridine 75 towards nucleophiles. Nucleophilic substitution occurs 
first at position-4 in the pyrimidine, secondly at position-6 and thirdly at C-2 between the ring 
26 
 
nitrogens. Examples of nucleophilic substitution reactions of tetrafluoropyrimidine are shown 
in scheme 28. Amines and alkoxides react readily, and mono-, di- and tri-substituted products 
can be formed depending on stoichiometry.
108 
 
 
 
Scheme 28: Nucleophilic substitution reactions of tetrafluoropyrimidine. 
 
Nucleophilic substitution reactions occur initially para to ring nitrogen in 
tetrafluoropyridazine. It is very reactive towards nucleophiles due to the two ring nitrogens 
and polysubstitution is very simple.
108  
Di- and tri-substitution is also possible and is shown in the following example of the reaction 
between sodium salt of benzene sulfonic acid and pentafluoropyridine.
107
 The sulfone 
compound 122 was formed in high yield. Treatment of the compound 122 with diethylamine 
formed 123 with moderate yield. 
19
F NMR spectroscopy showed that the amine group added 
at 2-position. Tri-substitution occurred in 92% when 122 was treated with ethylene diamine. 
27 
 
The first addition of ethylene diamine occurred at C-2 position, followed by C-3 to form the 
piperazine ring.  
 
 
Scheme 29: Di- and tri-substitution reaction of pentafluoropyridine.
107
 
 
A major aim of research in the Weaver group is develop methods for annelating new rings to 
perfluoroarenes. For example, formation and cyclisation of aryl ethers as shown in Scheme 
30. Lithiation of 125 with 2-equivalents of n-butyllithium in THF at -78 
o
C form benzo-bis-
benzofuran 126. 
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Scheme 30: Cyclization of bis-ether 125 to benzo[1,2-b:4,5-b
/
]bis[b]benzofuran.
101
 
 
A highly nucleophilic aryllithium is believed to be formed via lithium-bromine exchange 
followed by sequential SNAr reaction to form the fused benzofuran structure. The 
regioisomer formed can be accounted for by consideration of the site of the attack by the 
second to react aryllithium group. This would attack para to the carbon of the first formed 
benzofuran ring rather than para to fluorine.
101
 
In pentafluoropyridine, lithium-bromine exchange in ether 127 was expected to generate an 
aryllithium which would lead to intramolecular substitution of the fluorine at C-3 of the 
pyridine ring to close the furan ring and form 128. Spectroscopic analysis showed that the 
reaction of tetrafluoropyridyl ether 127 with n-butyllithium in THF afforded a compound 
which was not the expected tricyclic furan 128. The compound formed was 2-
(tetrafluoropyrid-4-yl)phenol 129, which demonstrated that the reaction proceeds through 
Smiles type rearrangement. The aryllithium formed preferred to attack at C-4 instead of C-3 
to avoid the destabilizing effect of para-fluorine. The phenol reacts in sodium hydride to 
form fused benzofuran 130 affecting nucleophilic substitution of the fluorine atom at C-3 of 
the pyridine ring.
101
 
29 
 
 
 
Scheme 31: Smiles reaction was observed in lithiation of 4-(2-bromophenoxy) 
tetrafluoroyridine.
101 
It was also shown that when the corresponding thioether 131 was reacted with n-butyllithium 
direct cyclization occurred through a SNAr reaction at C-3 and no rearrangement was 
observed. The reason could be that the anion stabilizing effect of the sulfur is believed to 
lower the activation energy for attack at C-3, overriding the repulsive effect of the para-
fluorine.
101
 
 
 
 
Scheme 32: Normal cyclization occurred in the case of 4-(2-bromophenylsulfanyl) 
tetrafluoropyridine. 
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1.8.3. Perfluorinated Compounds 
Perfluorinated aromatic and heteroaromatic system are potentially excellent scaffolds, due to 
their high reactivity towards nucleophilic attack. All fluorine atoms can be replaced by 
nucleophiles.
63
 The reaction of perfluoro aromatic compounds could give a range of products 
with different nucleophiles. For example enolate anions are important ambient nucleophiles. 
The negative charge in an enolate anion is delocalized between a carbon atom and oxygen 
atom. As a result they both can act as nucleophile depending upon reaction conditions 
(Scheme 33). Sandford and co-workers have recently worked on different fluorinated 
pyridine derivatives with representative 1,3-dicarbonyl substrates. Their results have shown 
that the carbon nucleophile mainly attacks the 3-position of the benzenesulfonylpyridine ring. 
This was followed by ring closure at position 3 of the pyridine ring by the oxygen 
nucleophile
108
 (Scheme 34). 
 
 
 
Scheme 33: Reaction of methyl-4-pyridyl ketone with pentafluoropyridine. 
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Scheme 34: Reaction of 4-phenylsulfonyl-tetrafluoropyridine with methyl-4-pyridyl 
ketone.
108
 
From the above reactions it has been shown that pentafluoropyridine 75 can react with 
enolate anion either through oxygen or carbon.
109
Studies on the optical and electrical 
properties of π-stacked polyarene structures has been undertaken. π-Stacking has been used in 
the fields of molecular electronics as superconductors and field effect transistors (FET). 
These can also be used in molecular photonics as organic light emitting diodes (OLED).
110 
Macrocyclic structures were obtained by the nucleophilic aromatic substitution (SNAr) 
reaction of the bis-nucleophilic pyrroles 143 and hexafluorobenzene (Scheme 35).  
Macrocycle 144 (for R = octyl) was obtained in 17% and the trimer 145 in 25%. The 
compounds could be separated by column chromatography. Oxidisation to 146 with DDQ in 
55% (R = butyl) and 52% (R = octyl) yields.
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Scheme 35: Synthesis of fluorinated paracyclophanes.
172 
 
32 
 
Liquid crystal (LC) materials are being used on a large scale these days in many electronic 
devices. The LC used commercially typically contains 10-15 molecular components. These 
components improve the overall performance of the LC display image.
111 
There are various examples of mixtures of chiral organic molecules, inorganic micro- and 
nanoparticles, organic hydrogen bond and complex forming materials which control device 
performance. Polyfluorinated biphenyl ether derivatives, synthesised through nucleophilic 
aromatic substitution, have been studied as dopants in LC systems.
111
 
Perfluorinated heteroaromatic derivatives have been used as starting scaffolds for the 
synthesis of many bicyclic and polycyclic heteroaromatic systems. Through nucleophilic 
aromatic substitution reactions, novel tricyclic scaffolds such as the dipyrido[1,2-a:3
ˈ
,4
ˈ
-d] 
imidazole system could be synthesized in a single step from pentafluoropyridine. The 
remaining ring fluorine atoms could be displaced through a nucleophilic aromatic substitution 
processes to give dipyrido[1,2-a:3
ˈ
,4
ˈ
-d]imidazole analogues 149 (Scheme 36).
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Scheme 36: Synthesis of novel tricyclic heterocycles from pentafluoropyridine. 
 
Nucleophilic aromatic substitution reaction of tetrafluoropyridazine with catechol gave two 
possible structures depending upon the regioselectivity of the nucleophilic aromatic 
substitution processes. The compounds 152 and 153 both contain fluorine atoms which could 
be removed by nucleophiles to give different analogues of these systems (Scheme 37).
112 
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Scheme 37: Synthetic route to dioxa-diaza-anthracene derivatives.
112 
 
The reaction of tetrafluoropyridazine with catechol gave tricyclic product 152 by displacing 
the fluorine at C-3 and C-4 atoms. The product 152 was formed in 75% yield, and identified 
by two 
19
F NMR resonance forms. If the product 153 had been formed by removing fluorines 
C-4 and C-5, it would exhibit only one 
19
F resonance.
112
  
 
 
 
Scheme 38: Synthesis of dioxa-1, 2-diaza-anthracene.
112 
 
34 
 
 
 
Scheme 39: Mechanism of formation of 152.
112 
 
However, the reaction of tetrafluoropyridazine 150 with one and two equivalent of sodium 
phenoxide gave the following products by displacing the fluorines that are para to the ring 
nitrogen atoms (Scheme 40).
112 
 
 
 
Scheme 40: Reaction of tetrafluoropyridazine with sodium phenoxide. 
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The application of dioxa-1,2-diaza-anthracene system 152 as a scaffold for array synthesis 
was assessed with different nucleophiles. The nucleophilic substitution of fluorine occurred at 
the 4-position to give a range of products (Scheme 41).
112
  
 
 
 
Scheme 41: Reactions of dioxa-1,2-diaza-anthracene.
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The reactions of tetrafluoropyridine substrates with sulphur compounds have been reported 
recently such as the reactions of 4-nitro, 4-phenylsulfonyl and 4-cyano-tetrafluoropyridine 
with ethanethiol and thiophenol, respectively (Scheme 43-45).
112 
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Scheme 42: Multi-substituted systems from pentafluoropyridine.
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Scheme 43:  Reactions of 4-nitrotetrafluoropyridine with sulfur nucleophiles.
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Scheme 44:  Reactions of 4-phenylsulfonyl tetrafluoropyridine with sulfur nucleophiles.
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These reactions have shown that a wide variety of products formed where the 4-substituent is 
NO2 or SO2Ph. These processes also explain the use of highly fluorinated heterocycles for the 
synthesis of polycyclic system bearing multiple functionalities.
113 
Due to their properties such as high thermal stability, hydrophobicity, chemical resistance, 
low flammability, as well as their optical and electrical properties, fluorinated polymers have 
attracted significant attention. Example of TFSSNa is shown in Scheme 46.
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Scheme 45: Synthesis of fluorinated monomer with pendant sulfonate group TFSSNa. 
 
2,3,4,5,6-Pentafluorostyrene (FS) 177 through atom transfer radical polymerization (ATRP) 
has been polymerized in a controlled manner to give a fully phenyl fluorinated polystyrene 
(PFS). The above process involves a nucleophilic substitution reaction of fluorine atom at 
para position in 178 followed by sulfopropylation. The monomer was polymerized through 
ATRP in water/methanol to give a highly fluorinated aromatic homopolymer having 
sulfonate groups on each repeating unit. The synthesized polymer could be used in various 
bio-applications and fuel cell electrolytes.
114
 
Fluorine compounds are useful in energy conversion materials. They are used in primary and 
secondary lithium ion battery materials. Organofluorine compounds could improve the safety 
of lithium ion batteries used in hybrid cars and electric vehicles. Organo-fluorine compounds 
are used as solvents due to their high stability towards oxidation. Fluorine containing ethers 
and esters were used for the first time as additives to improve low temperature characteristics 
of graphite anodes. The fluoro-ethers are more stable than fluoro-esters against 
electrochemical reduction. To investigate the thermal stability at high temperature differential 
scanning calorimetry (DSC) is often used.
115
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It was planned to investigate the chemistry of fluorinated arenes relevant to heterocyclic 
material synthesis. 
1.9. Organo electronics 
Organic electronics is an emerging field with immense promise for innovative and high 
performance electronic devices. As inorganic materials are often rigid crystalline solids, 
which are required to be extremely pure, they require very precise processing under highly 
demanding conditions. On the other hand organic materials combine novel semiconducting 
electronic properties with the scope of easy shaping and manufacturing. There are many 
potential organic materials, and their properties can be altered by changing the chemical 
structure at the molecular level.
116
  
A semiconductor is a substance that can conduct electricity under some conditions, making it 
a good medium for the control of the electric current. Its conductance varies depends on the 
current and voltage. The specific properties of the semiconductors depend on the impurities 
and dopants added to it. An N-type semiconductor carries current in the form of negatively 
charged electrons. A P-type semiconductor carries current as electron deficiencies called 
holes. In a semiconductor the hole has a positive charge and an electron has a negative 
charge. In a semiconductor device the flow of holes occur in a direction opposite to the flow 
of electrons. Elemental semiconductors include antimony, arsenic, boron, carbon, 
germanium, selenium, silicon, sulfur and tellurium. Most integrated circuits contain silicon 
semiconductors. 
The fundamental electrical property of any solid is its electrical conductivity, i.e. the ability 
to conduct electric current regardless of external conditions, such as temperature, 
illumination, electric or magnetic fields. Metals can be very good conductors. The electrical 
conductivity of semiconductors can be controlled over several orders of magnitude. Another 
important characteristic of semi-conductors is the ability to emit visible radiation which 
metals and insulators cannot do under ambient conditions. Because of this semiconductors 
are important in electronic and photonic devices and can be used in a range of 
semiconducting electronic devices, such as transistors, light emitting diodes, solar cells and 
lasers.
116 
Organic semiconductors can provide us with flat and flexible electronic components. The 
light emission from these materials is promising. When a voltage is applied to a thin film of 
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some conducting polymers, it can result in emission of light. It is also possible to deposit 
semiconducting polymers to greatly simplify the manufacturing process, increase flexibility 
and reduce cost. 
 
1.9.1. Characteristics of organics semiconductors 
Organic semiconductors have advantages over inorganic semiconductors, because of easy 
shaping and manufacturing, near infinite variety and versatile properties possible by changing 
the chemical structure. Organic materials are based on conjugated small organic molecules 
and polymers.  Significant progress has been made in different areas, including optoelectronic 
devices, organic light emitting diodes (OLEDs) and field effect transistors for switching 
functions. Thin films of organic semiconductors are mechanically robust and flexible and it is 
possible to create flexible electronic devices.
127
  
The main advantage of organic semiconductors is the ability to assemble a fully flexible 
insulating film without any substrate. It is also possible to expose the gate side of the film to 
an external medium to apply to any kind of substrate. Organic materials have many 
advantages over silicon structures, including low cost of technology and fully flexible 
structure. A relatively low voltage requirements, comparable with the performance for 
solution monitoring and some innovative applications which are not possible with silicon 
based devices these days, for example, systems embedded in textiles and smart food 
packages.
128 
Organic semiconductor devices are manufactured from an organic semiconductor with 
uniform and high carrier transport properties over a relatively large area. The electronic band 
structure of organic compounds may be highly structure sensitive. 
Organic semiconductors can be classified into two main groups on the basis of their 
molecular weight, conjugated polycyclic compounds of molecular weight less than 1000 and 
heterocyclic polymers with molecular weight greater than 1000. Due to the ease with which 
they form a thin film with large surface area, polymers are very useful materials for 
semiconductors.
127,128,129 
Small molecule organic semiconductors can be further classified as linear, two dimensional 
fused ring compounds and heterocyclic oligomers. 
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1.9.2. Organic light-emitting diodes 
A light-emitting diode (LED) is a semiconductor device that emits light from solid material 
which is caused by an electrical power source. Its effect is a form of electroluminescence. 
The composition and condition of the semiconducting material used, determine the colour of 
the emitted light, which can be infrared, visible or near-ultraviolet.
117 
The first example of a totally flexible field effect device for chemical detection based on an 
organic light-emitting diode (OLED) has been fabricated, which was made of pentacene films 
grown on flexible plastic structures. Organic light emitting devices (OLEDS) based on π-
conjugated polymers and oligomers have been well known since nineties.
117 
Over the last decade, blue organic light emitting diodes (blue OLEDs) with high efficiencies 
have attracted considerable attention for their potential applications to full colour ultra-thin 
flat panel displays. Also blue light can be converted into green or red with the use of 
appropriate dyes giving the possibility to generate all colours from a blue emitter. Figure 7 
shows the molecular structure of a number of organic compounds used for blue organic light 
emitting diodes (OLEDs).
118  
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Figure 8: Molecular structures of the organic materials used for the blue OLED.
118,119 
  
                     (a)                                                            (b) 
Figure 9: OLED structure with the details of the thickness and the organic material used in 
each layer. In (a) Emissive layer is DEC or PMC and in (b) DPVBi doped with DEC or 
PMC.
165,166,167
 
 1.9.3. Synthesis of 1, 4-bis (1-naphthylphenylamino) biphenyl (NPB) 
A siloxane based hole transporting layer (HTL) material, N,N
/
-bis(p-trichlorosilylpropyl)-
naphthalen-1-yl)-N,N
/
-diphenylbiphenyl-4,4’-diamine (NPB-Si2) has been synthesized and 
exhibits the same hole transporting triarylamine core as conventional HTL material such as 
1,4-bis-(1-naphthylphenylamino)biphenyl (NPB). 
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NPB-Si2 enhances the device electroluminescent significantly compared to devices based on 
NPB alone. OLEDs with improved luminance at 64,000 cd/cm
2, 2.3% η ext., and turn on 
voltage as low as 3.5 V have also been observed. 
 
The above results also suggested new 
strategies for developing OLED hole transporting  structures.
120 
 
Figure 10: Cross-section of typical multilayer OLED structure.
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The synthesis of N,N
/
-bis (p-trichlorosilylpropyl)-naphthalen-1-yl)-N,N
/
-biphenyl-biphenyl, 
4,4’-diamine (NPB-Si2) is shown in Scheme 46 and involved palladium catalysed coupling of 
1,4-dibromonaphthalene and the aryl amine. Additional substitution was then effected in a 
copper catalysed allylation reaction, and the double bond hydrosilylated with HSiCl3 in the 
presence of platinum. 
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Scheme 46: Synthesis of N,N
/
-bis (p-trichlorosilylpropyl)-naphthalen-1-yl), N,N`-biphenyl, 
biphenyl-4,4`-diamine (NPB-Si2).
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1.9.4. Organic thin-film transistors 
Organic thin-film transistors (OTFTs) use organic semiconductors on organic 
semiconducting compounds in electronic components, mainly computer displays, sensors, 
smart cards and radio frequency identification (RFID) tags. OTFTs can be fabricated with a 
low temperature process; they are more compatible with polymeric substrates than 
conventional silicon based transistors.
121
  
Organic thin film transistors (OTFTs) consist of source, drain and gate electrodes, a dielectric 
layer and the active semiconductor layer, the  same as inorganic metal-oxide semiconductor 
field effect transistors  (MOSFET), devices which can turn on and off rapidly to process the 
information faster and more efficiently. The electrical characteristics of OTFTs were 
measured using two independent parameter/dc voltage sources.
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The advantages of using organic semiconductor material in OTFTs include light weight, low 
cost, large area and flexible electronic products. They are more compatible with polymeric 
substrates than conventional silicon based transistors. Small molecule conjugated polymer 
light emitting diodes are on the verge of commercialization.  
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Thin film transistors have been proposed for a number of applications.  For example displays 
and RFID tags, lower cost and simpler packaging with flexible substrate. They also appear in 
a wide range of photo-excited laser action, digital circuit and electronic noses.
163
  
 
 
Figure 11: Basic scheme of organic TFT.
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1.9.5. Nano-ordered semiconductor material systems 
Nano-ordered semiconductor material systems offer a range of novel applications and have 
the potential for addressing challenges in semiconductor technology, including digital 
integrated circuit (ICs), will face in the future. To resolve the next generation’s digital 
electronic needs, nano-ordered semi-conductors have emerged as a major technology 
driver.
122
  
An integrated circuit is an electronic circuit on a small plate (chip) of semiconductor material 
normally silicon. Such a circuit can be made very compact, having up to several billion 
transistors and other components. The width of each conductor can be made smaller and 
smaller as the technology advances and can now be expressed as a two-digit number of 
nanometres. 
Integrated circuits are being used in all electronic devices these days. Computers, mobile 
phones and all other digital home appliances are an important part of modern society, made 
possible by the low cost of producing integrated circuits.
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The ability to form nano-ordered semiconductor structures not only allows innovative 
approaches to the design of future generation integrated circuits, but also opens up new areas 
of application of semiconductor technology.
123 
1.10. Carbon Electronics 
In the nano-ordered form, a range of carbon specific material structures show great promise 
in a number of key applications. The most exciting form of nano-ordered carbon is its two 
dimensional version knows as graphene. This unique structural configuration of pure carbon 
has the potential to have a real impact on how we will build active semiconductor devices in 
the future.
124 
The crystallographic structure showed that graphene is a two dimensional part of the three 
dimensional graphite, i.e. a one atom thick planar sheet of carbon that is connected to 
adjacent sheets in graphite by relatively weak van der Waals forces.
170 
   
 
 
Figure 12:  Weak van der Waals forces bind graphene sheets to form graphite.
171 
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One of the characteristics of its 2D structure is that graphene shows excellent semiconductor 
properties. The important one is its very high carrier mobility, in suspended graphene in 
excess of 200,000 cm
2
/Vs.
125,171
 In graphene the electron and hole mobility, according to 
conductance measurement, should be almost the same, which is in contrast to conventional 
3D semiconductors, where electrons exhibit significantly higher mobility than holes. 
Regarding electronic applications, graphene could be used to form ultra-fast transistors. A 
graphene based transistor featuring 100 GHz cut off frequency has recently been 
demonstrated.
126 
The practical technique of forming graphene involves detaching it atomic layer by atomic 
layer from graphite. It can also be formed on a silicon carbide substrate or by deposition as 
CVD on copper foil. Rolled into a cylinder, graphene will form a single walled carbon 
nanotube, another unique configuration with potential applications in semiconductor device 
manufacturing. Because of the unique properties of graphene like high optical transparency, 
zero band gap, flexibility and robustness is a better transport conductor than indium tin oxide 
(ITO). 
The graphene films show optical transparency of 80% and low resistance of less than 280 Ω 
per square. Graphene shows anisotropy changes of conductance under longitudinal and 
transverse uniaxial strains. Its resistance recovers immediately after strain is released. These 
properties make graphene excellent candidates for transport electrodes in different 
electronics. Graphene nano ribbons show great potential applications in the future carbon 
based nano-electronics due to their high carrier mobility. These results encouraged us to 
further explore the chemistry of perfluorinated compounds as building blocks for extended 
planar aromatic molecular systems, and the role of perfluorinated compounds in modern 
electronic devices and material applications. 
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49 
 
2.1. Aims of the Project 
The aim of this project was to exploit the reactivity of perfluoroarenes and hetarenes towards 
nucleophilic aromatic substitution to effect rapid assembly of condensed polycyclic aromatic 
compounds for use in materials applications such as organoelectronic or optical devices. 
Routes annulation reactions by double SNAr processes were to be investigated. During the 
last 10 years, conducting polymers have become very important in materials science. For the 
function and application of these materials the position of electronic energy levels are crucial. 
The incorporation of fluorine can be important because of its strong inductive effect, which 
can lower the position of the valence band without large alteration in the magnitude of the 
optical gap. For dye molecules, large changes in the emission properties by fluorine 
substitution have been observed. Low turn on voltage has been reported with excellent 
photoluminescence in a light emitting diode.
130,131,132
 Fluorinated polycyclic arenes thus have 
considerable potential in this area. A secondary aim was to synthesise novel heteroarene and 
fluorinated heteroarene compounds for potential pharmaceutical applications. In particular 
the synthesis of N-heterocycles, by utilising the easy aromatic SNAr reaction of fluorinated 
arenes such as pentafluoropyridine and hexafluorobenzene to introduce different groups such 
as heterocycles (imidazole, benzimidazole etc.) and amines (pyrrolidine, morpholine etc.) 
with desirable drug characteristics such as polarity, H-bonding ability and water solubility. 
These compounds could then be tested for potential bioactivity. 
2.2. Results and Discussion 
The goal of the present study was to develop the synthesis of novel fused fluorinated 
heterocyclic compounds by exploiting the ready aromatic nucleophilic substitution reactions 
of perfluoroarenes and hetarenes. Substitution of fluorine by an appropriate bis-nucleophilic 
reagent should lead to ring closure reactions occurring, allowing rapid annulation to be 
effected and polycyclic structures to be easily assembled. The remaining fluorine atoms could 
then be displaced to allow further ring fusion, or other functionalization to be introduced into 
the new rings to tailor their specific properties. The structural, physical and optical properties 
of the new compounds were to be determined and their suitability for materials applications 
investigated. Studies of biological activity such as anti-cancer and anti-parasitic activities 
would be carried out with research partners. There was also considerable mechanistic interest 
in the SNAr reactions, and how the effects of fluorine atoms could influence ring fusion 
processes allowing regiocontrol in heterocyclic synthesis. Reaction products were to be 
50 
 
analyzed by a range of methods to determine structural identity and purity. For this 
1
H, 
19
F, 
and 
13
C NMR spectroscopy, IR spectroscopy, HRMS and GC-MS, elemental analysis, and X-
ray crystallography would be employed.  
2.3. Synthesis of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene and 
side chain extension 
Fused thiophenes, such as the tricyclic benzo[b]thieno[3,2-c]pyridine 132 and the pentacyclic 
benzo[1,2-b:4,5-b']bis[b]benzothiophene 194 had been prepared previously in the group and 
it was hoped to explore further the chemistry of these new fluorinated compounds. The same 
fluorinated precursors that were reported by Weaver and co-workers, 2011 were 
resynthesized and cyclized with the same procedure in order to obtain the fluorinated 
benzothiophene derivatives 132 and 194. The idea was to then replace the remaining fluorine 
atoms that may, in principle, be displaced by nucleophiles to create compounds of use in 
materials applications or biologically active molecules. 
2.4. Reaction of 2-bromothiophenol with pentafluoropyridine 
Thus reaction of pentafluoropyridine 75 with 2-bromothiophenol 192 worked well at RT in 
the presence of NaH as base and DMF as solvent and the target compound 131 (Scheme 47) 
was successfully synthesized in a 74% yield. The target compound was fully characterized by 
1
H NMR spectroscopy which showed signals for the benzene ring protons, δH 7.47 (1H, dd, J 
=7.6 and 1.2 Hz), 7.38 (1H, d, J =7.6 Hz), 7.17 (1H, td, J =7.6 and 1.6 Hz) and 7.11 (1H, td, J 
=7.6 and 2.0 Hz). Moreover, the 
19
F NMR spectrum showed two multiplet signals for two 
pairs of fluorine atoms, δF 70.81-70.76 (2F, m), 25.38-25.28 (2F, m).  
Lithiation of 4-(2-bromophenylsulfanyl)-2,3,5,6-tetrafluoropyridine 131 was expected to 
result in lithium-bromine exchange, and then intramolecular substitution of the fluorine at C-
3 of the pyridine ring to close the thiophene ring. The reaction worked well and the cyclized 
compound 1,3,4-trifluoro-benzo[4,5]thieno[3,2-c]pyridine 132  (Scheme 47) was afforded in 
58% yield. The data was in good agreement with that reported previously.
101
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Scheme 47: Reaction of pentafluoropyridine 75 with 2-bromothiophenol 192. 
 
Similarly hexafluorobenzene was reacted with 2-bromothiophenol in a 1:2 ratio in order to 
synthesise the bis-bromophenylsulfanyl tetrafluorobenzene derivative 193 (Scheme 48). The 
reaction worked well in DMF and the 1,4-disubstitution product was afforded after 
crystallization in good yield. 
19
F NMR spectroscopy displayed one single peak for four 
identical fluorine atoms, δF 30.9. When the bis-sulfide 193 was treated with two equivalents 
of n-BuLi in THF (Scheme 48) cyclization occurred between both bromophenyl groups and 
the central fluorinated benzene ring and the known pentacyclic compound 194 was afforded 
in 31% yield. Investigations into the displacement of the remaining central fluorines in this 
compound 194 are discussed in the next section.  
 
 
Scheme 48: Reaction of hexafluorobenzene 50 with 2-bromothiophenol 192 and cyclisation. 
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2.5. Use of long chain alcohols and thiols as nucleophiles 
Replacement of the remaining fluorine atoms at the 6- and 12-positions in the pentacyclic 
fused benzo-bis-benzothiophene 194 with long chain alcohols or thiols was investigated. The 
reactions aimed to synthesise a series of novel aromatic heterocyclic compounds bearing long 
alkyl substituents to improve solubility and allow a study of molecular packing in the solid 
state as well as measurement of optical and electronic properties. This would be affected by 
replacing the remaining two fluorine atoms in the pentacyclic fused bis benzothiophene 
already prepared. The plan was to study SNAr replacement of the fluorine atoms with long 
chain alkoxide and thiolates under different reaction conditions. For this purpose various 
chain lengths were used to study the effect of odd and even carbon chains on packing. An 
understanding of the orientation and packing of the molecules in the solid state would be 
important for future processing into organo electronic devices. 
 
 
 
Scheme 49: Synthesis of long chain alkoxy derivatives. 
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2.6. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene  with 
1-heptanol 
In order to add a 7-membered alkoxy chain to the benzo[1,2-b:4,5-b']bis[b]benzothiophene 
194, dry DMSO was investigated as a solvent as it was thought (from previous related 
studies) that the alkoxide could react with DMF to liberate dimethylamine. To make sure 
both fluorine atoms were replaced (see section 2.7), 4 equivalents of 1-heptanol were used, 
and the reaction was conducted at 65 
o
C with NaH as a base. A solid product was afforded 
after work-up in a moderate yield of 64% and had a melting point of 72-74 
o
C. The identity 
of the target compound 195 was confirmed by 
1
H NMR spectroscopy with four aromatic 
signals in the region 8.60-7.47 and four aliphatic signals in the range 4.26-0.92 integrating for 
30H. There was no fluorine signal in the 
19
F NMR spectrum, while the GC-MS and HRMS 
showed a peak at 518, which corresponds to the molecular formula C32H38O2S2. Single 
crystal X-ray diffraction analysis confirmed the structure. 
2.7. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene with 
1-octanol in DMF 
The first attempt to displace the remaining fluorine atoms involved reaction with 1-octanol. 
The reaction was performed in dry DMF at 80 
o
C under N2 and used 2.5 equivalents of 
sodium hydride as a base. When 2 equivalents of 1-octanol were added dropwise to a stirred 
mixture of compound 194 and sodium hydride, a solid product was afforded in 44 % yield 
with melting point 82-85 
o
C. The 
1
H NMR spectrum showed  aromatic signals at δH 8.61-
8.59 (1H, m), 7.89-7.86 (1H, m), 7.53-7.46 (2H, m) and signals for the long chain alkyl group 
4.30-4.26 (2H, m), 2.08-2.01 (2H, m), 1.69-1.62 (2H, m), 1.48-1.39 (8H, m), 0.91 (3H, t, 
J=7.2 Hz). There was one fluorine signal in the 
19
F NMR spectrum δF 38.0, which showed 
that the alkoxide had added only on one side. The accurate mass measurement showed a m/z 
value of 437.1410[MH
+
] fitting a molecular formula of C26H25FOS2H and confirming that the 
addition took place only on one side. X-ray crystal structure also confirmed the structure of 
the mono- substituted product as shown in figure 12. 
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Scheme 50: Reaction of 1-octanol with fused bis benzothiophene. 
 
 
         
Figure 12: X-ray and packing structure of the compound 199. 
To displace both fluorine atoms of the fused bis benzothiophene, 4 equivalents of 1-octanol 
was used with sodium hydride at 80 
o
C for 24 h. The disubstituted product was formed 
successfully with the larger amount of alcohol, in a moderate 46 % yield and had a melting 
point of 93-94 
o
C. No fluorine signal was observed by 
19
F NMR spectroscopy. The 
1
H NMR 
spectrum showed signals in the aromatic region at δH 8.61-8.57 (1H, m,), 7.87-7.84 (1H, m,), 
and 7.51-7.45 (2H, m), and also in the aliphatic region at 4.26 (2H, t, J=6.4 Hz), 2.07-2.00 
(2H, m), 1.68-1.60 (2H, m), 1.45-1.32 (8H, m), 0.90 (3H, t, J =6.8 Hz). The integration of the 
alkyl signals indicated two octyl chains were incorporated. The 
13
C NMR spectrum showed 
nine aromatic signals at δC 146.5, 139.6, 134.5, 130.7, 128.1, 126.7, 125.2, 124.7, 122.6 
indicating symmetry in the molecule and at 72.9, 31.9, 30.6, 29.6, 29.4, 26.2, 22.7 and 14.2 
showing the eight alkyl carbon environments. The molecular weight of the desired compound 
196 was confirmed by HRMS and was found at m/z 546.2620 for the molecular formula 
C34H42O2S2 in agreement with the required mass. X-ray crystal structure of the compound 
196 confirmed addition to both sides as shown in figure 13. 
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Figure 13: X-ray and packing structure of the compound 196. 
2.8. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene with 
1-nonanol in DMSO 
The formation of the 9-membered alkoxy compound was also successful in DMSO at 65 
o
C 
with 4 equivalents of nonan-1-ol. The crude product was an oil, which solidified when 
triturated with ethanol. The solid was recrystallized to give compound 197 melting at 59-60 
o
C with a moderate yield of 35 %. The 
1
H and 
13
C NMR spectroscopic properties were fully 
in accord with the proposed structure. The GC-MS and HRMS also confirmed the identity of 
compound 197, with a signal at 574 corresponding to C36H46O2S2. The structure of the 
desired compound 197 was confirmed by single crystal X-ray crystallography. 
2.9. Synthesis of 6,12-didecyloxybenzo[1,2-b:4,5-b']bis[b]benzothiophene 
198 
Finally the series of long chain alkoxy compounds was completed with the 10-membered 
alcohol chain. The reaction in DMSO using the conditions successful for the nonanol reaction 
surprisingly failed with 1-decanol and the reaction was therefore carried out in dry DMF at 
80 
o
C. Sodium hydride was used as base and 4 equivalents of 1-decanol were employed. 
After trituration of the crude product with EtOH, a white solid was afforded in 53% yield, 
m.p. 62-63 
o
C. The solid was recrystallized from EtOH to give crystals suitable for single 
crystal X-ray crystallography. The 
1
H and 
13
C NMR spectra again showed successful 
incorporation of two decyloxy groups forming 198. It is not clear why reaction with decanol 
was unsuccessful in DMSO when the other alcohols reacted well under these conditions.  The 
results of the reactions with alcohols are summarised in table 1.3. No direct correlation 
between melting point and chain length was observed. 
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Table 1.3: Reaction of fused bis benzothiophene with different long chain alcohol. 
Alcohol Result conditions Product Yield 
% 
m.p. 
 
 
1-heptanol 
4 equivalents 
 
 
product 
formed 
 
 
NaH, DMSO, 
65 
o
C, 24 h.  
 
 
64 % 
 
 
72-74 
o
C 
 
 
1-octanol 
2 equivalents 
 
 
mono-
substitu
ted 
 
 
NaH, DMF, 80 
o
C, 24 h  
 
 
44 % 
 
 
82-85 
o
C 
 
 
1-octanol 
4 equivalents 
 
 
product     
formed 
 
 
NaH, DMF, 80 
o
C, 24 h. 
 
 
 
 
 
46 % 
 
 
93-94 
o
C 
1-nonanol 
4 equivalents 
product 
formed 
NaH, DMSO, 
65 
o
C, 24 h. 
 
 
35 % 
 
59-60 
o
C 
1-decanol 
4 equivalents 
product 
formed 
NaH, DMF, 80 
o
C, 24 h. 
 
 
53 % 
 
62-63 
o
C 
 
The success of the reactions with alcohols prompted us to explore similar SNAr reactions with 
long chain thiols. The long chains would again improve solubility and allow the packing 
structures to be studied while the change from oxygen to sulfur would be expected to have an 
effect on the optical and electronic properties of the compounds. 
57 
 
 
Scheme 51: Reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene with different 
long chain alkanethiols. 
2.10. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene with 
1-heptanethiol in DMF 
In order to extend the range of compounds and prepare a series of analogues with different 
chain lengths, the reaction with 1-heptanethiol was investigated. To try to maximise the yield 
4 equivalents were used. The reaction occurred readily in the presence of NaH in dry DMF at 
80 
o
C to give a yellow coloured solid in 32% after trituration, m.p. 112-114 
o
C. To confirm 
that the nucleophile was added on both sides, the 
19
F NMR spectrum was recorded and 
showed no fluorine signal. The proton NMR showed both aromatic and aliphatic signals, δH 
9.47-9.44 (1H, m), 7.91-7.89 (1H, m), 7.52-7.49 (2H, m), 3.00 (2H, t, J=7.2 Hz), 1.64-1.60 
(2H, m), 1.38-1.36 (2H, m), 1.21-1.18 (6H, m), 0.81 (3H, t, J=8 Hz). The 
13
C NMR spectrum 
also fitted well in both aromatic and aliphatic regions. The GC-MS showed a peak at 550 
corresponding to M
+
, while the HRMS showed a signal at m/z, 551.1928 corresponding to 
C32H38S4H for the (M+H)
+
 ion under electrospray ionisation. Single crystal X-ray 
crystallography further confirmed the structure of the compound 200. 
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2.11. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene with 
1-octanethiol in DMF 
The reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene 194 with 2 equivalents 
of octanethiol and sodium hydride gave a disubstituted product in 42% yield and with a 
melting point of 104-105 
o
C. The reaction was successful with just 2 equivalents of thiol 
showing the fluoro compound was more susceptible to attack by the sulfur thiolate 
nucleophile. The desired compound 201 was confirmed by accurate mass spectrometry with a 
m/z value of 579.2245 matching the required formula C34H42S4 579.2242. The proton NMR 
spectrum showed signals at δH 9.47-9.43 (1H, m), 7.91-7.87 (1H, m), 7.52-7.48 (2H, m) for 4 
aromatic protons and for aliphatic protons 3.00 (2H, t, J =7.6 Hz), 1.65-1.58 (2H, m), 1.39 
(2H, d, J=6.8 Hz) , 1.24-1.18 (8H, m), 0.82 (3H, t, J =6.8 Hz) and the carbon spectrum gave 
9 peaks at δC 148.6, 141.0, 136.2 , 134.3, 127.0, 126.4, 125.0, 124.4, 122.5, for the aromatic 
carbons and 8 signals at 36.1, 31.8, 29.9, 29.2, 29.1, 29.0, 22.6, 14.1 for the octyl chains. X-
ray diffraction analysis also confirmed the identity of structure 201. 
 
 
                  
 
                           
Figure 14: X-ray and packing structure of the compound 201. 
 
The method was then extended and reaction with 9 and 10-membered alkanethiols formed the 
complete set needed for packing studies. In the case of nonane-1-thiol 4 equivalents were 
employed and this led to a greatly improved yield of 80%. 
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2.12. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene with 
1-nonanethiol in DMF 
Following a similar procedure a solid was afforded after dilution of the DMF based reaction 
mixture with water which was collected by suction filtration. The solid was recrystallized 
from EtOH and H2O, m. p. 110-113 
o
C, with 80% yield. The product was characterized by 
1
H, 
13
C, 
19
F NMR spectroscopy, GC-MS and HRMS which were in accord with the proposed 
structure 202. The structure was also confirmed by X-ray crystallography. 
2.13. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene 194  
with 1-decanethiol in DMF 
The reaction with 1-decanethiol was also successful and gave a solid that was recrystallized 
from toluene and ethanol. The melting point of the recrystallized solid was 104-105 
o
C, and 
the yield was 60%. The product was characterized using various spectroscopic techniques. 
The 
1
H NMR data fitted the target compound 203 with signals at δH 9.47-9.43 (1H, m), 7.90-
7.86 (1H, m), 7.52-7.48 (2H, m), 3.00 (2H, t, J =7.6 Hz), 1.65-1.58 (2H, m), 1.37 (2H, t, 
J=6.8 Hz), 1.27-1.17 (12H, m), 0.85 (3H, t, J =6.8Hz). There was no fluorine signal in the 
19
F 
NMR spectrum and the carbon NMR spectrum showed signals for two equivalent octyl 
chains and signals for aromatic carbons which fitted the desired compound 203. The accurate 
mass was confirmed by a signal at m/z 635.2870 which corresponds to C38H50S4H. X-ray 
crystallography also confirmed the structure of the desired compound 203.  
The following table 1.4 summarizes the reactions of the fused bis benzothiophene with 
alkanethiols. 
Table 1.4: Reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene with different 
long chain alkanethiols. 
 
Thiol Result Condition Product Yield 
% 
m.p. 
 
1-heptane-
thiol 
4 equivalents 
 
product 
formed 
 
NaH, DMF, 
80 
o
C, 24 h.  
 
32% 
 
112-114 
o
C 
60 
 
 
1-octanethiol 
2 equivalents 
 
product 
formed 
 
NaH, DMF, 
80 
o
C, 24 h. 
 
 
 
42% 
 
104-105 
o
C 
 
1-nonane-
thiol 
4 equivalents 
 
product 
formed 
 
NaH, DMF, 
80 
o
C, 24 h. 
 
 
 
80% 
 
110-113 
o
C 
 
1-decanethiol 
4 equivalents 
 
product 
formed 
 
NaH, DMF, 
80 
o
C, 24 h. 
 
 
 
60% 
 
104-105 
o
C 
 
The solid state packing of the long alkyl chain substituted compounds was analysed by single 
crystal X-ray diffraction. Structures were successfully obtained for all nine compounds and 
the data and observations are summarised in the table below. A number of interesting 
differences can be seen in the packing arrangements, which show that the apparently simple 
process of lengthening the chain by addition of methylene units leads to dramatic changes in 
the 3D solid state structure. 
X-ray crystal structure of long alkyl chain sulfides showed that they all crystallised in the 
triclinic system, except the dinonylsulfanyl derivative 202 which was monoclinic and showed 
higher C–S–C bond angle compared with the other chain lengths which were all close to 
99.8. The dihedral angles of the four alkylsulfanyl compounds which define the orientation 
of the alkyl chain to the plane of the aromatic pentacycle all differed, and there was no clear 
trend. The packing structure of 200 showed that the chains were packed differently from 
those in 195. The dihedral angle of the long chain sulfur compound was investigated. The 
sulfur bridged decyl and octyl chains are almost perpendicular to the aromatic core and 
subtend angles of 81.45(4)
o
 and 82.61(3)
o
 respectively and with the chains pointing away 
from each other. In the 200 and 202 compounds the angle between the fused system and the 
aliphatic arms are 82.22(18)
o
 and 84.47(15)
o
 respectively and nearly perpendicular to the 
planar core. The long chain sulfur nucleophile dihedral angles are given in the table below. 
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Table 1.5: The dihedral angle of alkylsulfanyl substituent. 
Compound Molecular 
formula 
C1–S2–C10 /° C11–C10–S2 /° Angle b/w 
alkyl chain and 
core /° 
C-7-200 C32H38S4 99.88(5) 113.88(8) 82.22(18) 
C-8-201 C34H42S4 99.80(4) 113.61(7) 82.61(3) 
C-9-202 C36H46S4 101.51(17) 115.1(3) 84.47(15) 
C-10-203 C38H50S4 99.85(6) 113.55(10) 81.45(4) 
 
The table 1.5 showed that in 200, 201 and 203 the angle between core and alkyl chain is 
almost the same whereas the angle is slightly greater in 202. It is not clear why there is this 
difference with the 202 compound when the others are nearly the same, although the 
observation showed that this is the only monoclinic example among compounds 200-203. 
Also the angles C11–C10–S2 are all very similar apart from 202 where observed a slightly 
larger angle. The unit cells for 200, 201 and 203 are very similar, with the c axis lengthening 
as the extra CH2 units are added. It is also not clear why there is exceptional behaviour in 202 
but by just increasing the chain by one CH2 unit the crystal structure and packing diagram 
changes. Such systematic information could be useful in future applications involving solid 
state packing in device construction. 
The analysis of the long alkoxy chains demonstrated that in 196, 197 and 198, X-ray crystal 
structures were triclinic while in the 195 the structure was monoclinic. The unit cells for 196 
and 197 were similar with the c axis lengthening as an extra CH2 unit is added. All molecules 
lie on a centre of symmetry. 
Table 1.6: Crystal properties. 
Chain 
length 
Linking 
atoms 
Crystal 
System 
 
space 
group 
 
a 
(Å) 
 
b 
(Å) 
 
c 
(Å) 
C7 S2 
200 
triclinic P1 
 
4.916 9.674 15.814 
C8 S2 
201 
triclinic P1 4.858 9.791 16.785 
C9 S2 
202 
monoclinic P21/c 17.741 5.558 18.457 
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C10 S2 
203 
triclinic P1 
 
4.843 9.792 18.625 
      
C7 O2 
195 
monoclinic P21/c 9.061 9.366 16.661 
C8 O2 
196 
triclinic P1 
 
7.668 9.307 11.164 
C9 O2 
197 
triclinic P1 
 
7.629 9.355 11.406 
C10 O2 
198 
triclinic P1 
 
4.408 11.169 17.029 
 
Chain 
length 
Linking 
atoms 


 


 


 
 
V 
(Å
3
) 
 
dihedral 
angle 
 
C7 S2 
200 
104.9 97.8 95.0 714 79.3 
C8 S2 
201 
101.4 94.4 96.7 773 98.8 
C9 S2 
202 
90 118.1 90 1606 110.1 
C10 S2 
202 
81.7 82.6 83.1 862 -98.6 
      
C7 O2 
195 
90 100.7 90 1389 79.6 
C8 O2 
196 
102.7 94.2 105.6 741 91.4 
C9 O2 
197 
102.9 93.5 103.2 767 -92.4 
C10 O2 
198 
94.3 97.3 98.8 818 83.6 
 
Further investigation of the long alkyl chain substituted compounds was conducted by 
looking at the angle between the core and alkyl chain and dihedral angle of both sulfur and 
oxygen substituents. The dihedral angle also provides useful information, as in the case of C7 
the angle is almost same, whereas in C9 the angle is different in C-S from C-O. In the 8-
membered alkoxy derivative the angle between planar core and alkyl chain is 20.43(3)
o
. In 
each structure the alkyl chain forms a step to the core and another step to the other alkyl 
chain. The angles are all much shallower than those in the sulfur-containing compounds 200-
203 and lie in the range 4.84(8)-33.59(4)
o
. This compares with 81.45(4)-84.47(15)° observed 
for 200-203. The observed data for angle between the core and the alkyl chain is given in the 
table below. 
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Table 1.7: Angle between core and alkyl chain. 
Compound Molecular 
formula 
C1-O1-C10 O1-C10-C11 Angle b/w core 
and alkyl chain 
195 C32H36O2S2 112.34 109.21 4.84(8)° 
196 C34H42O2S2 112.04 107.86 20.43(3)
o
 
197 C36H46O2S2 111.47 108.42 15.20(4)°
o 
198 C38H50O2S2 113.20 107.84 33.59(4)
o
 
 
This investigation into the reactivity of different nucleophiles with the 6,12-
difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene 194, demonstrated that reactions were 
successful with oxygen and sulphur containing nucleophiles. The observation was that it is 
easier to add thiols than alcohols. At this stage it was decided to study nitrogen nucleophiles 
to see how they behave towards the fused bis benzothiophene 194. 
2.14. Attempted reaction of fused bis benzothiophene with n-heptylamine 
The reaction with a long chain primary amine was first investigated. n-Heptylamine was 
chosen and reaction was investigated in different solvents and conditions. It was expected the 
amine would be a weaker nucleophile than either the thiolates or alkoxides already studied, 
but we found the fluorinated benzo-bis-benzothiophene to be very resistant to attack by the 
amine. The reaction was tried in a range of solvents namely THF, DMF or DMSO at various 
temperatures, 70 
o
C, 80 
o
C, 120 
o
C, or 150 
o
C. However no reaction was observed in any 
solvent. Even with neat n-heptylamine and heating the fused bis benzothiophene at 150 
o
C for 
prolonged periods (5 days), the reaction was unsuccessful. All these attempts were 
unsuccessful and the starting material was recovered unchanged with a fluorine signal, δF 
37.6 (2F, s) still present. Also attempted to deprotonate the amine used with n-butyllithium at 
-78 
o
C and then to add the benzothiophene compound, but this reaction was unsuccessful as 
well.  A final attempt with microwave irradiation also failed at 150 
o
C for 30 minutes with n-
heptylamine (5 mL).  A white solid was afforded after trituration from EtOH. The solid did 
not melt below 350 
o
C and remains unidentified. The series of attempts to replace fluorine 
atoms in the fused benzothiophene 194 with an alkylamine was unsuccessful under various 
conditions.  
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Scheme 52: Attempted reaction of n-heptylamine with 6,12-difluorobenzo[1,2-b:4,5-
b']bis[b]benzothiophene 194. 
2.15. Attempted reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene with 
N-heptyl-4-methylbenzenesulfonamide 
In a further attempt to improve the reactivity of the amine based nucleophile, a sulfonyl 
protecting group was also employed. The sulfonyl group would render the N-H proton more 
acidic and allow an anionic nitrogen nucleophile to be generated on treatment with base. The 
required precursor was formed from p-toluenesulfonyl chloride and n-heptylamine. The 
mixture was stirred in pyridine at RT overnight under N2. After extraction with diethyl ether 
the sulfonamide product was afforded in 88% yield. The 
1
H NMR spectrum confirmed the 
correct product formed. GC-MS confirmed the peak at m/z 269.2 which corresponds to the 
desired compound 206. The desired compound 206 was also confirmed by infrared 
spectroscopy with the appearance of N-H stretch in the spectrum. These analyses confirmed 
that the compound 206 was successfully synthesised. The proposed reaction scheme is shown 
below. 
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Scheme 53: Attempted reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene  
194 with n-heptyl-4-methylbenzenesulfonamide. 
The intermediate 206 synthesised was added dropwise into a stirring suspension of sodium 
hydride and the fused bis benzothiophene 194. Gas was evolved forming a foam which 
disappeared quickly. The mixture was stirred at 120 
o
C overnight under N2. The material 
afforded after extraction with diethyl ether gave 
1
H NMR peaks at δH  7.70 (2H, d, J=8 Hz), 
7.21 (2H, d, J=8 Hz), 5.54 (1H, t, J=8 Hz), 2.79 (2H, t, J=4 Hz), 2.30 (3H, s), 1.35 (2H, d, 
J=8 Hz), 1.15 (2H, t, J=8 Hz), 1.09 (4H, s), 0.75 (3H, t, J=4 Hz), which were the same as the  
starting material. The infrared spectrum also showed the same pattern of peaks as in the 
starting material. The 
19
F NMR spectrum gave a peak at δF 37.5 (2F, s), for two fluorine 
atoms which confirmed that the reaction was unsuccessful and the starting material was 
recovered unchanged. The anion appeared not to be nucleophilic enough to add to 194, or 
may be too sterically hindered. 
2.16. Attempted reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene with 
potassium bis(trimethylsilyl)amide 
Potassium bis(trimethylsilyl)amide is a strong, normally non-nucleophilic base with a pKa of 
26. The compound is soluble in hydrocarbon solvents and can act as a nucleophile under 
certain conditions. To test the reactivity of 194 with a potentially more reactive nitrogen 
nucleophile a stirring solution of the fused bis benzothiophene in dry THF was treated 
dropwise with KHMDS leading to formation of a yellow coloured solution. A solid was 
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afforded after work-up. The fluorine NMR spectrum however gave a signal at δF 37.6 (2F, s), 
which corresponded to the starting material 194. These results showed that amide anion was 
unable to replace the fluorine atoms in the benzothiophene derivative 194. The reaction was 
unsuccessful under these conditions and starting material 194 was recovered unchanged. 
 
Scheme 54: Reactions of fused bis benzothiophene with different nitrogen nucleophiles. 
2.17. Attempted reaction of sodium azide with 6,12-difluorobenzo[1,2-b:4,5-
b']bis[b]benzothiophene  194 
After unsuccessful reaction with KHMDS, it was decided to try sodium azide with the hope 
that it would be more reactive and could replace the fluorine atoms of the fused bis 
benzothiophene. Sodium azide is a colourless salt and is used in airbag systems in many cars, 
because of its explosive decomposition. In organic chemistry it is used on a limited scale, but 
the azide anion is a very good nucleophile useful for introducing nitrogen. The reaction was 
first attempted in dry DMF at 70 
o
C overnight under nitrogen. The colour of the mixture 
changed to dark pink. A solid was afforded after addition of water and analyzed by 
1
H NMR, 
19
F NMR and IR spectroscopy. The results showed that there was still a fluorine signal
 
at δF 
37.7 (2F, s) corresponding to starting material 194. The infrared spectrum gave a signal that 
was consistent with starting material but lacking any signal around 2200 cm
-1 
which could be 
as expected for azide compound. These results confirmed that the reaction had not worked 
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under these conditions, and the starting material was recovered unchanged. The reaction with 
sodium azide was then attempted in dry DMSO at 120 
o
C. The spectroscopic analysis again 
showed that the starting material 194 was recovered and reaction was unsuccessful under 
these conditions. 
2.18. Attempted reaction of hydrazine with 6,12-difluorobenzo[1,2-b:4,5-
b']bis[b]benzothiophene 194 
A final attempt to add a nitrogen nucleophile to replace the fluorine atoms of the fused bis 
benzothiophene 194 was the reaction with hydrazine monohydrate, normally a powerful -
nucleophile. The reaction was attempted in dry THF at 65 
o
C overnight under N2. A solid was 
precipitated on work-up and collected by suction filtration. The spectroscopic analysis 
showed a signal at 37.7 in the fluorine NMR spectrum which corresponds to the two fluorine 
signals at the 6- and 12-positions of the fused bis benzothiophene 194 indicating no reaction 
had occurred. The conditions were modified and the reaction was conducted again in 1,4-
dioxane at 100 
o
C overnight under N2. The proton and fluorine NMR spectrum were the same 
and there was no change. These results showed that all attempts to add a nitrogen nucleophile 
to the fused bis benzothiophene 194 were unsuccessful.  
 Table 1.8: Attempted reactions of fused bis benzothiophene with different nitrogen 
containing nucleophiles. 
Nitrogen Result Conditions Target product Yield % 
 
n-heptylamine 
 
unsuccessful 
DMSO, 150 
o
C, 
24 h 
 
- 
 
N-heptyl-4-
methyl 
benzene-
sulfonamide 
 
unsuccessful 
 
NaH, DMSO, 
120 
o
C, 24 h. 
 
- 
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KHMDS 
 
unsuccessful 
 
THF, RT, 24 h. 
 
- 
 
Sodium azide 
 
unsuccessful 
DMSO, 120 
o
C, 
24 h and 
DMF, 70 
o
C 
 
- 
 
Hydrazine 
monohydrate 
 
unsuccessful 
1,4-dioxane, 
100 
o
C,24 h and 
THF, 65 
o
C 
 
 
- 
 
The results of the study on the reactivity of nitrogen containing nucleophiles towards 194 
prompted us to find suitable method to synthesise a 6,12-diamino substituted benzo[1,2-
b:4,5-b']bis[b]benzothiophene. The plan was to add suitable nitrogen nucleophile first to the 
fluoroarene precusor followed by reaction with bromothiophenol. Lithium-bromine exchange 
to effect cyclisation of the intermediate could then be carried out as the last step of the 
sequence to afford the target compound 215. The proposed reaction scheme 56 is shown 
below. 
 
Scheme 55: Alternative reaction sequence to prepare a 6,12-diamino substituted benzo[1,2-
b:4,5-b']bis[b]benzothiophene. 
69 
 
2.19. Reaction of hexafluorobenzene  with pyrrolidine 
The first potential nitrogen nucleophile tested was pyrrolidine. The mono-substituted product 
217 was formed when 2 equivalents of pyrrolidine were used in dry 1,4-dioxane at 100 
o
C. 
The proton and fluorine NMR, and infrared spectroscopic data confirmed that addition took 
place at one site only. 
  
 
 
Scheme 56: Reaction of hexafluorobenzene with 2 equivalents of pyrrolidine. 
 
To form the desired disubstituted compound 213 the reaction of pyrrolidine with 
hexafluorobenzene was conducted under reflux overnight with the neat amine as solvent. A 
solid was afforded after extraction with diethyl ether which was formed in 98% yield, and 
had m.p. 86-96 
o
C. The proton NMR spectrum showed multiplet signals at δH 3.42 (4H, bs), 
1.93-1.89 (4H, m),
 
for the methylene groups of the pyrrolidine and the 
19
F NMR spectrum 
showed a single signal at δF 7.23 (4F, s) showing 1,4-disubstitution had occurred. The target 
compound 213 was also characterised by 
13
C NMR, GC-MS, HRMS and infrared 
spectroscopy. All these analyses confirmed that the desired compound 213 was formed 
successfully. The structure of the target compound 213 was confirmed by X-ray 
crystallography. (Figure 15) 
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Figure 15: X-ray structure of the compound 213. 
 
Scheme 57: Reaction of hexafluorobenzene with pyrrolidine. 
2.20. Reaction of 2-bromothiophenol with 1,1'-(tetrafluoro-1,4-
phenylene)dipyrrolidine  
The reaction with 2-bromothiophenol to potentially replace two more fluorine atoms, which 
could make an intermediate for cyclisation, involved dropwise addition of 2-bromothiophenol 
to a stirring suspension of sodium hydride and compound 213 in dry DMF with the mixture 
then stirred at either RT for 24 h, or at 80 
o
C for 72 h under N2. In both cases a solid was 
afforded after extraction with diethyl ether. Proton, fluorine and infrared spectroscopy 
showed that the reaction was unsuccessful and the starting material 213 was recovered in 98 
% yield. 
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Scheme 58: Attempted reaction of 2-bromothiophenol with 1,1'-(tetrafluoro-1,4-
phenylene)dipyrrolidine. 
 
The failure of the reaction may be due to the electron donating pyrrolidine rings making the 
diamino-tetrafluorobenzene 213 less electrophilic than the original hexafluorobenzene 50. To 
add an alternative nitrogen nucleophile, which might not affect the thiol addition it was 
decided to treat hexafluorobenzene with imidazole under mild conditions to make the target 
intermediate 219 which could be followed by reaction with bromothiophenol to afford an 
intermediate suitable for cyclisation. The cyclisation would then be achieved with n-BuLi to 
synthesise target compound 221. The proposed reaction scheme 60 is given below. 
 
 
 
Scheme 59: Proposed reaction scheme of compound 221. 
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2.21. Synthesis of 1,1'-(tetrafluoro-1,4-phenylene)bis(1H-imidazole) 
Reaction of hexafluorobenzene with 4 equivalents of imidazole at room temperature afforded 
the di-substituted compound with moderate yield and m.p. 270 
o
C. Proton and fluorine NMR 
spectra confirmed the formation of the target compound 219. The 
1
H NMR exhibited peaks in 
the aromatic region at δH 7.39 (2H, s), 6.90 (2H, s), 6.80 (2H, s), which correspond to the 
three protons of the two imidazole rings. The 
19
F NMR spectrum showed one fluorine peak 
δF 15.5 (4F, s), required for the target compound 219. The GC-MS spectrum of the target 
compound 219, showed a peak at m/z 283.2, also confirming the desired compound 219. The 
accurate mass measurement showed a signal at m/z 283.0599(MH
+
) which corresponds to 
C12H7F4N4. The reaction was also investigated at 80 
o
C to try to increase the yield. The 
results showed that it formed a mixture of both mono and di-substituted products. X-ray 
crystal structure showed that the reaction also formed the hexa-substituted compound 222-b. 
Only a trace of the compound 222-b was formed during the reaction, and it could not be 
isolated in a significant amount. The crystals showed that the molecules are linked to each 
other via H-bonding water molecules. 
 
Figure 16: X-ray structure of the compound 222-b. 
 
Scheme 60: Reaction of hexafluorobenzene with imidazole. 
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Unfortunately due to the low yield of 219 and lack of time, as this was investigated towards 
the end of the project, it was not possible to study the reaction with 2-bromothiophenol and 
possible subsequent cyclisation. 
2.22. Reactions of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene 194  
with carbon based nucleophiles 
The successful study of the reaction of the long alkyl chain nucleophiles with the fused bis 
benzothiophene 194 and unsuccessful reactions of nitrogen based nucleophiles encouraged to 
further explore the chemistry of compound 194 with carbon based nucleophiles. Carbanions 
can behave as strong nucleophiles and there was ample precedent from the literature showing 
that organometallic reagents can add to perfluoroarenes by SNAr reactions.
92
 For this reason 
the first carbon based nucleophile choose was n-butyllithium.  
2.23. Attempted reaction of 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzo-
thiophene 194 with n-butyllithium 
In order to attach a carbon chain to benzothiophene, decided to use the strong base n-
butyllithium as a carbon nucleophile. The reaction was tried at different temperatures in THF 
from -78  0 oC. The results were encouraging and there were possibilities that a butyl group 
might have added on one or both sides of the pentacycle. The proton NMR gave peaks at  δH 
8.50 (1H, s), 7.69-7.64 (1H, m), 7.22 (2H, t, J =8Hz), 2.03-2.00 (2H, m), 1.50-1.40 (2H, m), 
1.01(2H, d, J=7.2 Hz) and 0.79 (3H, t, J=7.2 Hz) and the fluorine spectrum were also 
different from starting material, δF  43.6 (1F, s), indicating that the mono-addition may have 
occurred. The accurate mass ion however was not detected.  The data obtained could not 
confirm that the reaction was successful under these conditions. 
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Scheme 61: Attempted reaction of fused bis benzothiophene with n-butyllithium. 
2.24. Reaction of fused bis benzothiophene 194 with phenylacetylene anion 
In the following series of reactions, 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene 
194, was also investigated how it behaves towards compounds such as phenylacetylene. In 
the literature, there are examples where phenylacetylene reacted with similar aromatic and 
heteroaromatic compounds.
133
 These compounds have been used in both pharmaceutical and 
material applications. The first attempt was with n-butyllithium as base to deprotonate the 
terminal carbon of phenylacetylene in THF. The reaction did not work and starting material 
was recovered. The second attempt employed sodium hydride as base. Phenylacetylene was 
added dropwise into a stirring suspension of sodium hydride and fused bis benzothiophene 
194 in dry DMSO at 80 
o
C. The colour of the mixture changed to dark red. The solid afforded 
after work-up was recrystallized giving a 61% yield, based on formation of the expected 
product, with melting point 150-152 
o
C. The infrared spectrum gave peaks at 1597, 1492, 
1443, 759, 696 but the signal around 2100 cm
-1
 expected for an alkyne was not observed. 
However such a signal may be very weak due to the nearly symmetrical nature of the triple 
bond and its limited dipole. The proton NMR spectrum was not clear and showed broad 
poorly resolved signals. The solid was soluble in both CDCl3 and DMSO-d6, but there was a 
broad peak in the aromatic region. Broad signals were also observed in the carbon NMR 
spectrum. The NMR samples were run at higher temperature in case aggregation or limited 
molecular motion was affecting the spectra but no difference was observed. The fluorine 
spectrum showed no fluorine signals at all. The material was submitted for elemental analysis 
and the results were close, but not sufficiently precise to confirm the expected composition. 
Accurate mass spectroscopy however did give the expected parent in signal, at m/z 489.0753 
in good agreement with the theoretical value of 489.0777 expected for C34H17S2 suggesting 
some product had formed. The above information is not sufficient however to claim that the 
reaction worked under these conditions and further investigation is required 
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Scheme 62: Reaction of fused bis benzothiophene with phenylacetylene. 
Table 1.9: Reaction of benzothiophene 194 with carbon nucleophiles 
 
Carbon 
nucleophile 
 
Results 
 
Conditions 
 
Expected Product 
 
Yield % 
 
n-butyllithium 
 
Unsuccessful 
 
THF, 0 
o
C, 
24 h 
 
 
 
- 
 
 
phenylacetylene 
 
 
Some evidence 
obtained for 
formation of 
226. 
 
 
NaH, DMSO, 
80 
o
C, 24 h. 
 
 
 
 
 
ca. 61% but 
structure 
unconfirmed. 
 
 
In conclusion in this chapter the successful replacement of the two fluorine atoms in 6,12-
difluorobenzo-bis-benzothiophene with alkoxide and thiolate nucleophiles were reported. 
Nine new compounds were fully characterized and their X-ray structures were obtained. 
Their solid state and potential electronic applications are under investigation. The reaction of 
6,12-difluorobenzo-bis-benzothiophene with a range of nitrogen-nucleophiles were 
unsuccessful however. Addition of carbon-based nucleophiles were successful to some 
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extent, and it was shown the fluorine atoms in 6,12-difluorobenzo-bis-benzothiophene could 
be replaced with nucleophiles such as phenylacetylene anion. Although HRMS confirmed the 
expected formula of the product, no well resolved NMR spectrum or X-ray structure has yet 
been obtained. 
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Chapter 3 
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3.1. A Study on Alternative Methods for Cyclisation of Aryl and 2-
Bromoaryl Perfluoroaryl Ethers and Sulfides 
Early research in the group
101 
and the work reported in the previous chapter utilised bromine-
lithium exchange in 2-bromoaryl perfluoroaryl ethers and sulfides promoted by n-
butyllithium to effect cyclisation or rearrangement reactions. Although this methodology has 
met with success, the process is limited by the availability of appropriate 2-haloarenols and 2-
haloarenethiols, and the reaction can also be compromised by attack of the n-butyllithium 
reagent on the fluorinated ring leading to butylated by-products. Therefore, it was decided to 
investigate alternative reagents to promote these types of cyclisation reaction. This would 
give access to a wider range of fluorinated heterocycles, and allow further investigation of 
their chemistry in terms of substitution of the remaining fluorine atoms. 
3.2. Synthesis of fluorinated benzothieno fused ring systems 
 
Benzothiophenes annulated to other rings such as pyridine or benzene are of importance in 
both materials science and medicinal chemistry. Benzothienopyridines possess a π-electron 
rich thiophene ring and π-electron deficient pyridine ring. Recently these annulated aromatic 
heterocycles have attracted the attention of organic chemists for a number of applications.
134
 
A quick way of generating this polycyclic skeleton through ring closing reactions of 
substituted polyfluoroarenes has been reported in the group. Through lithium-bromine 
exchange 2-bromophenyl perfluoroaryl sulfides or ethers formed fluorinated benzofurans or 
benzothiophenes by SNAr substitution reaction of the adjacent fluorine atom in the 
perfluoroaryl subunit as discussed in the introduction. As part of an ongoing investigation in 
this area the ring closure of bromoaryl ethers and sulfides containing a perfluoroarene ring 
was planned, and it was decided to explore further the chemistry of these ring systems. Other 
methods of effecting the cyclisation step and further substitution of the remaining fluorine 
atoms in these ring systems to increase the scope of this chemistry was thus explored. 
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3.3. Synthesis of 1,3,4-trifluorobenzo[b]thieno[3,2-c]pyridine 131 using 2-
bromothiophenol and pentafluoropyridine 
 
To explore the chemistry of fused thiophene 132 previously prepared in the group, the 
fluorinated benzo[b]thieno[3,2-c]pyridine 132 was resynthesized to study the displacement of 
the remaining fluorine atoms with different nucleophiles to test their material and bio-active 
properties. The reaction of 2-bromothiophenol 192 with pentafluoropyridine 75 in the 
presence of sodium hydride in dry DMF at RT afforded the target compound 131 
successfully. The compound was analyzed by 
1
H NMR spectroscopy and gave signals at 7.65 
(1H, d, J=8Hz), 7.52 (1H, d, J=8Hz), 7.32-7.26 (2H, m), required for the desired compound 
131. The 
19
F NMR showed two multiplets for two pairs of fluorine atoms, 71.46-71.11 (2F, 
m), 25.38-25.15 (2F, m), consistent for the desired compound 131. The data was in 
agreement with that reported by Gonzalez et al.
101 
 
Scheme 63: Reaction of 2-bromothiophenol with pentafluoropyridine. 
3.4. Cyclization of 4-((2-bromophenylsulfanyl)-2,3,5,6-tetrafluoropyridine 
 
Lithium-bromine exchange in 4-(2-bromophenylsulfanyl)-2,3,5,6-tetrafluoropyridine and the 
subsequent intramolecular substitution of the fluorine at the C-3 of the pyridine ring to close 
the thiophene ring was then carried out. The reaction was performed in dry THF at -78 
o
C 
under N2 with n-butyllithium added dropwise and the mixture stirred overnight under N2. The 
material afforded after work-up was purified by column chromatography. The fluorine NMR 
spectrum proved that cyclization had occurred by showing three signals for three fluorine 
atoms. The proton NMR and GC-MS data were also in agreement with literature values.
101 
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Scheme 64: Cyclization 4-(2-bromophenylsulfanyl)-2,3,5,6-tetrafluoropyridine. 
The study of chemical compounds containing metals constitutes the large field of 
organometallic chemistry and is widely used in industry e.g. in homogeneous catalysis. 
Examples of organometallic compounds are organomagnesiums such as 
iodo(methyl)magnesium (MeMgI), diethylmagnesium (Et2Mg) known as Grignard reagents, 
organolithium compounds, e.g. n-butyllithium, organozinc compounds like diethylzinc 
(Et2Zn) and organocopper compounds such as lithium dimethylcuprate. Organometallic 
compounds find practical applications in stoichiometric and catalytic processes. The world’s 
polyethylene and polypropylene are produced with organometallic catalysts. Organolithium, 
organomagnesium and organoaluminium compounds are also highly basic and reducing. 
Organocopper reagents are very efficient for coupling reactions. Copper is less 
electropositive than Li and Mg and the C-Cu bond is less polarised and allows useful changes 
in reactivity.
135,136,137
 The classic Ullmann coupling
138
 is a common way to link two aryl 
halides but is not widely used with fluoroarenes. Copper metal reacts with alkyl, alkenyl and 
aryl halides to give coupled products. Palladium is used extensively in cross coupling 
methodology. 
3.5. Attempted cyclisation reaction of 131 with palladium metal 
 
Palladium compounds are used as catalysts in many coupling reactions including 
Sonogashira, Suzuki and Heck reactions. Typical palladium catalysts used are         
tetrakis(triphenylphosphine)palladium(0), and bis(triphenylphosphine)palladium(II) 
dichloride, with or without the addition of other ligands. Heck and Suzuki were awarded the 
Nobel Prize in chemistry for their work on palladium catalysed cross coupling in organic 
synthesis.
139, 140, 141 
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Therefore the reaction of fluorinated compound 131 with a palladium reagent was attempted 
to see if this could promote a reductive cyclisation, although were aware that a stoichiometric 
quantity of palladium was likely to be needed. The first attempt was with PdCl2 and 
triphenylphosphine in dry DMF at 70 
o
C under N2 overnight. It was hoped the palladium 
would be reduced to the required Pd(0) in the reaction mixture. The spectroscopic analysis of 
the reaction mixture confirmed starting material to remain with some by-products formed 
which could not be identified. Raising the temperature to 140 
o
C for another 24 h afforded a 
mixture which after preparative TLC gave the starting material as identified by two fluorine 
signals and GC-MS which showed peaks at m/z 337 and 339 for the isotopic pattern of the 
bromine containing compound. A by-product was identified as amine 228 with three fluorine 
signals and GC-MS signals at m/z 362 and 364 corresponding to C13H10BrF3N2S. It appears 
the DMF decomposed during the reaction and the liberated dimethylamine added at the 2-
position of the pyridine ring forming 228. 
 
Scheme 65: Attempted reaction of fluorinated sulfide 131 with a palladium catalyst. 
3.6. Cyclisation of fluorinated sulfide 131 via a Grignard reagent 
 
In a series of attempts to find a suitable method which could be used to replace the more 
hazardous and expensive way of cyclisation of the bromoaryl fluorinated compounds using n-
butyllithium reactions with elemental magnesium were studied. All the attempts with 
different metals and reagents so far had proven that it was difficult to cyclise the fluorinated 
compound 131. To investigate whether an intramolecular Grignard reaction could affect 
cyclisation of the fluorinated compound 131, a reaction was conducted in dry THF with 
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magnesium metal and a catalytic amount of iodine. The product was purified after column 
chromatography and preparative TLC. The spectroscopic data confirmed that the target 
compound 132 was formed with three fluorine signals in a 1:1:1 ratio in the 
19
F NMR 
spectrum and GC-MS showed a peak at 239 corresponding to C11H4F3NS.  The yield of the 
desired compound 132 was low at only 21%. The GC-MS of a second fraction from the 
preparative TLC showed a peak at 241, with three fluorine signals in the 
19
F NMR spectrum. 
These signals were different from the target compound 132 where fluorine spectrum appeared 
at 89.42-89.25 (1F, m), 66.86-66.78 (1F, m), and 12.52-12.39 (1F, m).  The product with two 
mass units difference could not be identified. A mass of 241 suggested two extra hydrogens 
have been added after the reductive cyclisation which involves loss of one bromine and one 
fluorine atom. Reduction of one of the C-S bonds in 131 may have occurred but the exact 
nature of the product could not be determined.  
 
Scheme 66: Cyclisation of fluorinated compound 131 with Grignard reagent. 
3.7. Attempted reaction of bromophenyl ether 127 with Grignard reagent 
 
After the success of the Grignard promoted cyclisation of the sulfur containing fluorinated 
compound 131, it was also decided to try the same methodology with the oxygen containing 
fluorinated ether 127. As already demonstrated in the group,
101,167
 bromoaryl perfluoropyridyl 
ethers rearranged by a Smiles type mechanism to give 4-(2-hydroxyaryl)tetrafluoropyridines 
which could then be cyclised to give benzofuropyridines with the alternative [2,3-c] ring 
fusion to that obtained by the direct cyclisation of the  bromoaryl perfluoropyridyl sulphides 
[3,2-c]. Thus Grignard reactions were attempted to see if same thing occurred with Mg metal 
as reagent. The starting material was prepared by following the same procedure as 
reported.
101
 The Grignard reaction was then attempted with magnesium powder in dry THF 
under reflux. Iodine was used in catalytic amount to initiate reaction with Mg. The crude 
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product was afforded after extraction with ethyl acetate and shown to be a mixture. The 
product was separated by preparative TLC, and two bands were collected. One was identified 
as starting material through proton and fluorine NMR spectroscopy, and GC-MS. The other 
band gave three fluorine signals 72.54 (1F, t, J=45.12 Hz), 8.13 (1F, d, J=41.36 Hz), 2.11-
2.05 (1F, d, J=22.56 Hz) and GC-MS showed peak at 396 which could not match to any 
possible molecular formula. This product could not be identified. The reaction was 
unsuccessful to make the target compound 130 under these conditions. 
 
Scheme 67: Attempted cyclisation of oxygen containing fluorinated compound. 
3.8. Reaction of pentafluoropyridine with 2-bromobenzyl alcohol 
 
To investigate these types of cyclisation and rearrangement reactions further, and to study the 
effect of tethering the bromoaryl ring to the fluoropyridine with a longer alkyl chain to see if 
the compound 240 cyclised or underwent Smiles type rearrangement, a study with 2-
bromobenzyl alcohol was conducted. The aim was to add the nucleophile at the 4-position of 
pentafluoropyridine and then to use different reagents to study if cyclisation or rearrangement 
occurred on bromine-metal exchange. The synthesis of the required precursor 240 was 
attempted with sodium hydride as base in DMSO. However the reaction with 2-bromobenzyl 
alcohol led to the di-substituted 239 instead of the desired mono-substituted compound 240. 
The compound was identified by the three fluorine signal in the 
19
F NMR spectrum and the 
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presence of two methylene signals in the 
1
H NMR showing two molecules of the alcohol had 
been incorporated. Accurate mass measurement showed a peak at 503.9235, corresponding to 
C19H12
79
Br2F3NO2H. The purity of the compound was confirmed by elemental analysis, with 
the percentages C% 45.40, H% 2.23, N% 2.92 matching the expected composition. X-ray 
crystallography confirmed the structure of the di-substituted compound.  
 
Scheme 68: Synthesis of 2, 4-bis ((2-bromobenzyl)oxy)-3,5,6-trifluoropyridine. 
 
Figure 17: X-ray structure of the di-substituted compound 239. 
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The formation of the di-substituted product 239 from 2-bromobenzyl alcohol prompted to 
change the conditions and synthesise the desired mono-substituted compound 240. To obtain 
the mono-substituted product, the bromo alcohol was added to three equivalents of 
pentafluoropyridine in a stirring suspension of sodium hydride in dry DMSO at RT to 
suppress the double addition. A white solid was formed in 90% yield. The proton signals 
confirmed the desired compound 240, while the fluorine spectrum gave the expected two 
multiplet signals. The carbon NMR and infrared spectrum also supported the desired 
compound 240. The structure was confirmed by single crystal X-ray crystallography (figure 
18). 
 
 
Figure 18: X-ray structure of the compound 240. 
 
Scheme 69: Synthesis of 4-((2-bromobenzyl) oxy)-2,3,5,6-tetrafluoropyridine.  
3.9. Attempted reaction of fluorinated benzyl ether 240 with magnesium 
metal 
 
With the mono-substituted ether in hand, the study of possible cyclisation or rearrangement 
was investigated. The first reagent chosen was magnesium metal since signs of reaction had 
been observed with the diaryl ether 127. The reaction was conducted with magnesium 
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powder in THF under reflux. The crude material isolated after work-up was analysed by 
various spectroscopic techniques. The spectra showed that the starting material was recovered 
and the reaction failed to produce target compound 243. The 
19
F NMR spectrum still showed 
two fluorine signals and the proton NMR spectrum was identical with the starting material. 
These results indicated that the reaction was unsuccessful under these conditions. 
 
Scheme 70: Attempted cyclisation of ether 240 with magnesium metal. 
The behaviour of the ether 240 toward n-butyllithium at -78 
o
C was also studied. After 
column chromatography and preparative TLC, a product was obtained which exhibited three 
fluorine signals, δF 72.49-72.33(1F, m), 33.47(1F, d, J=30.08 Hz), 20.10 (1F, d, J=30.08 Hz), 
while the 
1
H NMR spectrum showed peaks at  δH 7.66 (1H, d, J=7.6 Hz), 7.52 (2H, t, J=6.8 
Hz), 7.42 (1H, t, J=7.6 Hz), 4.52 (2H, s), 2.76 (2H, t, J=7.2 Hz), 2.34-2.27 (4H, m), 0.88 (3H, 
t, J=6.8 Hz). These results confirmed that bromine had been removed reductively and that a 
butyl group had added at the 2-position of the pyridine ring giving rise to 244. No evidence 
for the cyclized compound 243 was obtained. 
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Scheme 71: Attempted cyclization of fluorinated compound 240 with n-butyllithium. 
3.10. Attempted reaction of fluorinated sulfide 131 with copper metal 
 
Copper metal can reduce copper (II) bromide to copper (I) or copper (0) under various 
reaction conditions. It was decided to treat fluorinated compound 131 with Cu/CuBr2, with 
the hope that the combination of metallic copper and a soluble copper salt may generate a 
more reactive form of Cu(0) capable of effecting an Ullmann type coupling between the 
bromophenyl group and the perfluorinated pyridine ring to form 131. The reaction was 
attempted in dry acetonitrile at RT. After work-up the crude product afforded as an oil. The 
spectroscopic analysis confirmed that the reaction was unsuccessful with the same two 
fluorine signals in the 
19
F NMR spectrum. The proton and infrared spectra were also 
unchanged and showed starting material 131 had been recovered. 
 
Scheme 72: Attempted reaction of fluorinated compound with copper metal. 
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Also investigated was the possible cyclisation of the 1,4-bis-(2-
bromophenylsulfanyl)tetrafluorobenzene 193 with other reagents to see if an alternative route 
to the useful pentacyclic 6,12-difluorobenzo[1,2-b:4,5-b']bis[b]benzothiophene  194 could be 
developed. 
 
 
Scheme 73: Attempted reaction of 1,4-bis-(2-bromophenylsulfanyl)tetrafluorobenzene with 
metals. 
3.11. Attempted reaction of 1,4-bis-(2-bromophenylsulfanyl)tetrafluorobenzene  with 
copper metal 
 
In order to investigate other methods of cyclisation, the bis-bromophenylsulfanyl precursor 
193 was subjected to different metal reagents. The attempted reaction to effect the cyclization 
of fluorinated substrates with copper powder to see if an alternative method of cyclization 
with metals which could be less hazardous, improve the yield, and be more economical, 
while also avoiding the problem of competing addition of n-butyllithium to the fluoroarene 
ring. 
The reaction of copper powder with fluorinated compound 193 in EtOH under reflux 
overnight under N2 was first studied. The reaction was monitored by TLC and after 24h 
showed still starting material. After addition of toluene to ensure all the substrate was in 
solution and further heating for another 24 h the reaction was stopped and the organic 
material recovered. The 
1
H NMR spectrum showed signals in the aromatic region at δH 7.63 
(1H, d, J=8 Hz), 7.27 (1H, d, J=8 Hz), 7.16 (2H, t, J=8 Hz), which showed four protons in 
three environments while the fluorine spectrum gave one signal at δF 30.9 (4F, s). These 
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signals were the same as in the starting material 193. These results showed that the attempted 
cyclisation with copper powder failed under these conditions and starting sulfide was 
recovered unchanged. 
3.12. Attempted reaction of 1,4-bis-(2-bromophenylsulfanyl)tetrafluorobenzene  with 
zinc metal 
Organozinc compounds contain a carbon to zinc bond. They were among the first 
organometallic compounds discovered and are less reactive than most other organometallic 
reagents. The conditions used for organozinc reactions are air free, because of their 
pyrophoric nature. The reaction of fluorinated compound 193 with zinc powder was next 
attempted in EtOH overnight. The solid afforded after work-up was collected by suction 
filteration and analysed by 
1
H and 
19
F NMR spectroscopy. The results showed that the 
spectrum was unchanged from starting material and the desired compound 194 could not be 
formed under these conditions.  
3.13. Attempted reaction of 1,4-bis-(2-bromophenylsulfanyl)tetrafluorobenzene with 
magnesium 
 
Organomagnesium compounds contain a carbon-magnesium bond and act as good 
nucleophiles. The organomagnesium compounds are crystalline substances and are sensitive 
to carbon dioxide, oxygen and moisture. The French chemist Victor Grignard developed a 
simple method for preparing organomagnesium compounds with a wide range of uses in 
organic synthesis. With Grignard reagents the synthesis of pharmaceutical, organosilicon and 
various aromatic compounds is possible even on an industrial scale. The reaction of 
fluorinated compound with magnesium metal was therefore attempted in dry THF overnight 
under reflux in the hope that the more reactive magnesium would promote reaction. A solid 
was afforded after work-up and trituration with diethyl ether and was analysed by proton and 
fluorine NMR spectroscopy. The fluorine spectrum was complicated suggesting a mixture of 
products had formed, and the 
1
H NMR showed signals at, δH 8.26-8.23 (1H, m), 7.90-7.89 
(1H, m), 7.56-7.49 (2H, m) different to the starting material. An attempt was made to purify 
the product by trituration with diethyl ether which afforded a solid 0.13 g, melting point 153-
160 
o
C and the GC-MS spectrum displayed a peak at 290. The solid formed remains 
unidentified and the target compound was not isolated. The diethyl ether washings were 
evaporated and afforded as an oil (0.15 g). The GC-MS spectrum of the oil gave a peak at m/z 
346 instead of the expected 326 which corresponds to the desired compound 194. The 
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fluorine spectrum showed four peaks in different environments. The fluorine NMR spectrum 
however indicated some reaction of the substrate occurred whereas 193 was completely inert 
to copper or zinc metals. 
3.14. Attempted reaction of fluorinated compounds with Rieke metals 
 
So far several different methods to cyclise the fluorinated substrates with a range of metals 
had been tried, but none of them seemed to work under a number of conditions. In the 
following series of reactions, use of the more reactive Rieke metals was studied. Following 
the method first developed by Reuben D Rieke
142
, alkali metal reduction of metal(II) salts 
was used to generate finely divided metals with high surface area which are generally very 
reactive towards aryl halides. The alkali metals generally used are potassium, sodium or 
lithium under anhydrous conditions. The metal employed in this case was sodium in THF or 
dioxane. In some cases the reaction is carried out with a catalytic amount of biphenyl or 
naphthalene, which acts as an electron carrier. The reduction of different metal salts such as 
magnesium, manganese or copper from oxidation state two to oxidation state zero makes 
them more reactive and highly successful reagents in synthesis. Because of the highly 
reactive nature of the metal, extra care was taken while adding fluorinated compound and the 
temperature was kept at -78 
o
C. Etheral solvents were used in these reactions namely dry 
THF, 1,4-dioxane and diglyme. The sodium metal used was first washed with EtOH, 
isopropanol and diethyl ether to remove any oxide layer. The first reaction investigated 
involved stirring a mixture of sodium metal and magnesium chloride in THF at -78 
o
C for 30 
min, followed by, dropwise addition of fluorinated compound 131. The mixture was then 
heated under reflux. The solid afforded after work-up and extraction was analysed with 
various spectroscopic techniques. The fluorine NMR spectrum had two peaks, and the proton 
and infrared spectra was same as starting material. The reaction was also attempted at higher 
temperature up to 120 
o
C in diglyme, but there was no change in the results. The fluorinated 
compound 131 was also attempted with magnesium chloride and sodium metal in 1,4-
dioxane under reflux overnight. The target compound 132 failed to form but the 
spectroscopic analysis showed that pyridone 234 had formed with three fluorine signals, and 
a peak at 1649 in the IR spectrum corresponding to the C=O group in the pyridone. The 
fluorine spectrum also showed three fluorine peaks which confirmed replacement of one 
fluorine atom presumably by hydroxide generated under the highly alkaline conditions. 
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Scheme 74: Attempted reaction of fluorinated compound with Rieke magnesium. 
3.15. Attempted radical cyclisation reaction of fluorinated compounds 
 
Continuous effort during this research project to find an alternative way of cyclisation of 
fluorinated compound was also inspired by a recent radical cyclization reaction involving a 
carbon-fluorine bond by Sameer Zard.
143
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Scheme 75: Unexpected radical ipso cyclization-dimethylation
143
. 
He had expected the ring closure only on to the pyridine to give compound 249 because the 
fluorine atom already occupied the other positions. The results demonstrated that compound 
249 was not formed on treatment of the xanthate with lauroyl peroxide, instead azaindoline 
248 was synthesised in modest yield through the ring closure on carbon by removal of 
fluorine and one methyl group also lost from C-4.
143 
Radical cyclization reactions are very 
useful organic chemical transformations that involve a radical intermediate and are often 
produced in three basic steps. The reaction is intramolecular and is usually rapid and 
selective, and is a common way to make five and six membered rings. The advantages of the 
radical reactions are that there are no charged species involved, and reaction conditions are 
often mild and can be carried out in any solvent. Side reactions can be a problem during 
radical reactions and the cyclisation is often difficult with smaller and larger rings. The 
proposed reaction scheme with the bromophenylsulfanyl derivative 131 is shown below. 
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Scheme 76: Proposed mechanism of the fluorinated radical cyclization reaction. 
Therefore, also attempted a radical cyclisation with the bromophenylsulfanyl pyridine 131. 
The reaction was first tried in dry THF at 60 
o
C for one hour using tributyltin hydride 254 and 
AIBN as initiator. The solid afforded was white in colour and analysed by several 
spectroscopic techniques. The GC-MS showed a peak at m/z 338.3, and fluorine spectrum 
gave two fluorine signals. The proton spectrum was the same as that of the starting material 
131 and the infrared spectrum also confirmed that the reaction was not successful under these 
conditions. The conditions were changed and different solvents and a different initiator used 
in an attempt to effect a radical reaction. The results showed that the starting material 131 
recovered every time. 
 
Scheme 77: Attempted radical cyclization of 5-membered fluorinated compound. 
Radical cyclisation of the fluorinated pyridyl bromophenyl sulfide was attempted under a 
range of conditions and in different solvents including dry THF and dry acetonitrile. The 
reactions were unsuccessful and failed to give the desired cyclisation product 132. At this 
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stage, it was decided to change the nucleophile and increase the chain length. After successful 
synthesis of the tetrafluoropyridyl ether from 2-bromobenzyl alcohol as described previously, 
this compound was subjected to the radical cyclisation with tributyl tin hydride and in dry 
acetonitrile at 80 
o
C. The proton and fluorine NMR spectrum of the product obtained showed 
that it was mainly starting material 240 with fluorine signals at 71.46-71.28 (2F, m) and 4.01-
3.75 (2F, m) and with a minor product showing three fluorine signals at δF 71.11-70.93 (1F, 
m), 63.86-63.75 (1F, m), (-4.19)-(-4.40) (1F, m). The TLC also showed two spots, one 
starting material 240, and another which could be a new product. Unfortunately after column 
chromatography and preparative TLC, the starting material 240 was recovered but the minor 
compound could not be isolated pure and remains unidentified. 
 
               Scheme 78:  Attempted radical cyclization with bromobenzyl ether 240. 
The radical cyclization was also attempted in dry benzene under reflux overnight with excess 
of initiator (1,1
/
-azobiscyclohexanecarbonitrile). The fluorine NMR spectrum of the crude 
product showed a mixture of two compounds. After column chromatography starting material 
240 was separated, and a new compound with two fluorine signals at δF 71.60-71.42 (2F, m), 
20.06-19.88 (2F, m) was obtained. The GC-MS showed a peak at m/z 313.0 and 257.0 with t-
butyl signals which is not consistent with the expected value of m/z 237 of the desired 
compound 243. It could be a rearrangement product with expected mass 257.0 with the two 
fluorine signals showing an intact tetrafluoropyridine ring, but the product could not be 
identified.  
3.16. An Investigation into Cyclization with Non-Nucleophilic Bases 
 
Previous work involved promoting cyclization reactions of bromoaryl tetrafluoropyridyl 
ethers and sulfides with n-butyllithium to effect bromine-lithium exchange to make the fused 
fluorinated heterocycles. The reactions with n-butyllithium could however lead to side 
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products through attack at the fluorinated ring. Therefore, looking for alternative methods of 
cyclization. Ortho-metallation is another important ways of activating an aryl CH bond by 
deprotonation.
144
 Thus decided to investigate the use of a non-nucleophilic base such as LDA 
or KHMDS to promote ortho-deprotonation to see if this would lead to cyclization. To make 
a suitable precursor, benzenethiol was used to form the sulfide 261. The proposed reaction 
scheme is shown below. 
 
Scheme 79: Proposed reaction scheme. 
The precursor 261 was formed at RT in the presence of sodium hydride. The product was 
afforded after extraction as an oil and analysed by proton and fluorine NMR spectroscopy. 
There were two fluorine signals in the 
19
F NMR spectrum at 71.46-71.11(2F, m) and 25.51-
25.22 (2F, m). These signals were the same as expecting in the desired compound 261. The 
1
H NMR gave two proton signals as a doublet and a three-proton multiplet in the aromatic 
region. These signals fitted the desired compound 261. The analysis confirmed that the 
desired compound 261 had been synthesised successfully.  
 
 
Scheme 80: Reaction of pentafluoropyridine with benzenethiol. 
 
The second step was to try the cyclization with potassium hexamethyldisilazide (KHMDS) at 
0 
o
C in THF and then warm to RT overnight. The crude material was afforded after extraction 
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with DCM was analysed by 
1
H and 
19
F NMR spectroscopy. The proton NMR spectrum 
showed peaks at 7.51 (2H, d, J=8 Hz) and 7.39-7.29 (3H, m). These signals were the same as 
in starting material 261 and did not fit the desired compound 132. The fluorine NMR 
spectrum showed two peaks one at 25.51-25.22 (2F, m) and the other at 71.46-71.11 (2F, m), 
the same as the starting material 261, compared to three fluorine signals in the desired 
compound 132. These results confirmed that the reaction was unsuccessful under these 
conditions and starting material 261 was recovered unchanged. 
 
Scheme 81: Attempted cyclization of fluorinated compound with KHMDS. 
3.17. Reaction of pentafluoropyridine with 4-tert-butylthiophenol 
 
The investigation into possible cyclization with other bases continued and it was decided to 
change the nucleophile from benzenethiol to 4-tert-butylthiophenol to make the precursor, 
because it would make our target compound 132 more soluble, and the NMR signals for the 
tert-butyl group are very clear. Also the reagent is less odorous than benzenethiol. It was 
hoping that it would give the same benzo[b]thieno[3,2-c]pyridine configuration 132 as 
previously, but due to the increased solubility would be able to study its physical properties 
and packing structure more easily, and it would lower the melting point of the compounds. 
The proposed reaction is shown in scheme 84. 
 
 
Scheme 82: Proposed cyclisation of the 4-t-butylphenylsulfanylpyridine 263. 
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The first step was conducted in THF with sodium hydride as base. The crude product was an 
oil, which was purified using a small column and eluting with petroleum ether, diethyl ether 
and ethyl acetate. The main product formed was the desired compound 263 which was 
analysed by proton, fluorine and GC-MS spectra. The 
19
F NMR spectrum gave two signals 
for four fluorine atoms at 71.68-71.44 (2F, m) and 25.69-25.46 (2F, m). These signals were 
the same as expected for the desired compound 263. The proton NMR spectrum gave two 
doublets for four proton atoms in the aromatic region and a nine-proton singlet in the 
aliphatic regions required for the tert-butyl group. The GC-MS spectrum confirmed the mass 
of the desired compound 263 with a peak at m/z 315, corresponding to C15H13F4NS. 
 
 
Scheme 83: Reaction of pentafluoropyridine with 4-tert-butylthiophenol. 
A minor product was identified as disubstituted  pyridine 267 with three different fluorine 
signals at 99.24-99.00 (1F, m), 46.9 (1F, d, J=30.08 Hz), 74.3 (1F, t, J=26.32 Hz). The mass 
was identified by GC-MS which showed a peak at m/z 461.2 which corresponds to 
C25H26F3NS2. The reaction was successful and mono- 263 and di-substituted compounds 267 
were separated. In the next step to cyclise the mono-substituted compound 263, the reaction 
with the strong non-nucleophilic base LDA 266 was also attempted. The reaction was 
conducted at -78 
o
C with dropwise addition of fluorinated compound 263 resulting in the 
colour of the mixture changing to red. The colour disappeared on stirring the mixture at RT 
for 24 h. After addition of water and extraction with DCM the material afforded as an oil. 
Spectroscopic analysis of the crude material was carried out by recording the 
1
H, 
19
F NMR, 
and GC-MS spectra. It was hoped that after cyclisation three fluorine signals would arise, and 
the fluorine spectrum did indeed exhibit three signals as expected for target compound 264 
although not in the expected chemical shift ranges. The 
1
H NMR spectrum showed aromatic 
signals, but in the aliphatic region additional signals were observed as well as the singlet of 
the tert-butyl group. The compound 268 was found by GC-MS to have a mass peak at m/z 
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396, which corresponds to C21H27F3N2. Based on this information came to the conclusion that 
diisopropylamine had attacked at C-2 to add an amine group at the 2-position giving 268. The 
doublet methyl signal in the proton NMR spectrum confirmed the addition. The starting 
material 263 was also identified in GC-MS as a minor component. 
 
Scheme 84: Attempted cyclisation of fluorinated compound 263 with LDA. 
The behaviour of the compound 263 was also studied towards the base KHMDS than LDA. 
The base was added dropwise to a solution of 263 in THF at -78 
o
C and then warmed to RT. 
The reaction time was increased to 48 h. A black coloured solid was afforded after extraction. 
The spectroscopic analysis identified starting material 263 as major component with two 
fluorine signals and a minor product was formed showing three fluorine signals, as expected 
for the target compound 264. The GC-MS however showed a peak at m/z 312 instead of 295 
for the desired compound 264. The accurate mass measurement also gave m/z at 313.0979, 
which corresponds to C15H15F3N2S. The infrared spectrum gave a broad peak at 3394 
suggesting an NH group was present. On the basis of this information, the product was 
identified as 270 and the reaction gave no indication of the cyclised product 264 forming. 
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Scheme 85: Attempted cyclization of fluorinated sulfide 263 with KHMDS. 
3.18. Reaction of hexafluorobenzene with 4-tert-butylthiophenol 
 
4-Tert-butylthiophenol 262 also reacted with hexafluorobenzene 50 to make the di-
substituted intermediate 271, which it was hoped would react with one of the non-
nucleophilic bases to form the 4,10-di-t-butyl-6,12-difluorobenzo[1,2-b:4,5-
b']bis[b]benzofuran 272, a more soluble, and easier to handle, version of 194 studied 
previously. The proposed reaction scheme is given below. (Scheme 86) 
 
 
Scheme 86: Proposed reaction scheme for the cyclization. 
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In the first step, the nucleophile was added to hexafluorobenzene to synthesise the fluorinated 
intermediate 271. Two equivalents of the 4-tert-butylthiophenol were used in order to add the 
nucleophile at both 1- and 4-positions. The reaction was conducted at RT with sodium 
hydride. The product afforded was a solid with m.p. 109-116 
o
C, with 48% yield. The solid 
was characterized spectroscopically. The fluorine NMR spectrum showed one fluorine signal 
for four fluorine atoms at 29.4 ppm. The 
1
H NMR spectrum gave two doublets for the 
aromatic protons and a singlet in the aliphatic region for the tert-butyl group as expected in 
the desired compound 271. The 
13
C NMR spectrum also confirmed the desired compound 
271. The mass of the compound 271 was confirmed by GC-MS as 478.3, which corresponds 
to C26H26F4S2. These results confirmed that the desired compound 271 was formed with 
moderate yield under these conditions. 
 
Scheme 87: Reaction of hexafluorobenzene with 4-tert-butylthiophenol. 
After successful synthesis of fluorinated precursor 271, the next step was to attempt 
cyclisation with a suitable base. The first non-nucleophilic base tried was LDA. The reaction 
was conducted at -78 
o
C and warmed to RT overnight. A sticky solid was afforded after 
aqueous work-up and extraction with DCM. Spectroscopic analysis was conducted to confirm 
if target compound 272 was formed under these conditions. The results showed that it was 
mainly starting material with a minor product formed as well. The GC-MS showed a peak at 
315.2 for an as yet unidentified by-product.  
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Scheme 88: Attempted cyclization of fluorinated compound. 
The cyclization reaction was also attempted with potassium bis(trimethylsilyl)amide 
(KHMDS) 265 as base. Spectroscopic analysis was carried out to investigate the product 272 
formed. The proton NMR gave aromatic signals in two different environments compared to 
the three expected for target compound 272. 
19
F NMR spectroscopy also did not support the 
target compound 272 which could have only one signal for two equivalent fluorines instead 
three fluorines were observed in different environments. The infrared spectrum showed a 
broad peak at 3407, which meant there could be a NH group present. The GC-MS indicates 
two compounds; the main peak was at 478.3, which was the starting material 271, whereas 
the minor peak gave m/z of 475.3. To identify the minor product, the accurate mass 
measurement was conducted and gave a peak at m/z 476.1687 which corresponds to 
C26H29F3NS2. On the basis of all this information came to the conclusion that an NH2 group 
had replaced one of the fluorines instead of cyclization occurring and formed 273. The 
KHMDS had functioned as a nucleophile as had been observed with pyridine derivative 270.   
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Scheme 89: Attempted cyclization of fluorinated compound with KHMDS. 
3.19. Reaction of decafluorobiphenyl with 4-tert-butylthiophenol  
The chemistry of the cyclizations with non-nucleophilic bases like LDA and KHMDS 
continued with an intermediate formed from decafluorobiphenyl. 4-Tert-butylthiophenol was 
added at the 4- and 4
/
-positions by using four equivalents in the presence of sodium hydride. 
The reaction mixture was stirred for 48 h under N2 in THF. The crude material afforded was 
white solid, m.p. 105-108 
o
C, 54%. The spectroscopic analysis showed that the reaction 
worked under these conditions with the 
1
H NMR spectrum giving aromatic signals of two 
doublets and a singlet for the tert-butyl group in the aliphatic region. The fluorine spectrum 
showed two fluorine signals and the GC-MS showed a peak at 626.3 which corresponds to 
C32H26F8S2. The 
13
C NMR spectrum also confirmed the desired compound 275. The accurate 
mass ion was not detected to confirm the composition of the desired compound 275.  
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Scheme 90: Reaction of decafluorobiphenyl with 4-tert-butylthiophenol. 
The next step was to attempt a double cyclization with a non-nucleophilic base to form the 
interesting linked bis-dibenzothiophene 276. KHMDS was employed at -78 
o
C in THF and 
the mixture warmed to room temperature overnight. NMR spectroscopic analysis 
disappointingly showed that the reaction did not work under these conditions. There were 
four different fluorine signals instead of three for the desired compound 276. The proton 
NMR gave protons both in the aromatic and aliphatic region but these protons did not fit the 
desired compound 276. The GC-MS did not run well to confirm the mass of the desired 
compound 276. The results obtained so far demonstrate that the reaction was unsuccessful 
and could not identify the by-product formed. In future the reaction could be tried with 
different bases and reaction conditions. 
 
Scheme 91: Attempted cyclization of fluorinated compound 275 with KHMDS. 
It was also decided to explore the chemistry of 4-tert-butylphenol as nucleophile with 
fluoroarenes compounds. The plan was to synthesize an ether intermediate 278 through SNAr 
reaction and by treatment with KHMDS strong base, observe if cyclisation or rearrangement 
occurred. The scheme for these reactions is given below. (Scheme 92) 
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Scheme 92: Proposed reaction scheme. 
In the first step the intermediate was synthesised by reaction of pentafluoropyridine with 4-
tert-butylphenol in the presence of sodium hydride at RT. The intermediate was analysed by 
proton and fluorine NMR spectrum which confirmed that the correct structure had formed. 
The GC-MS gave a peak at m/z 299, which corresponds to the desired compound 278.  
The ether 278 was then subjected to treatment with KHMDS. The reactants were mixed at -
78 
o
C and then warmed to RT overnight. The fluorine NMR showed the three fluorine signals 
at δF 67.86 (1F, t, J=22.56 Hz), 6.58 (1F, d, J=11.28 Hz), and -0.80 (1F, d, J= 18.8 Hz). This 
was different from starting material 278 where only two fluorine signals were observed. The 
GC-MS showed at a peak at m/z of 297.1, which was not correct for the expected desired 
compound 280. In the infrared spectrum a peak appeared at 3092 that could be an NH group. 
Further investigation demonstrated that the reaction was unsuccessful to form the desired 
compound 280, but that the amine had attacked at the 2-position to replace one fluorine atom. 
In GC-MS the major peak at 297 corresponds to the compound 281 and couple of minor 
peaks indicated starting material and another unidentified di-substituted product were present. 
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Scheme 93: Attempted cyclisation of fluorinated ether 278 with potassium 
bis(trimethylsilyl)amide. 
3.20. Reaction of 4-tert-butylphenol with hexafluorobenzene 
 
A further substrate required for cyclisation studies was the bis-ether 282 which should be 
amenable to synthesis by reaction of 4-tert-butylphenol with hexafluorobenzene. The reaction 
was conducted in dry THF in the presence of NaH as base at RT overnight under N2. After 
aqueous work-up and extraction with CH2Cl2, the product afforded was a solid, melting point 
95 
o
C. The 
19
F NMR spectrum showed three fluorine signals δF 8.00-7.94 (2F, m), 1.68 (1F, t, 
J=22.56 Hz), (-0.26)–(-0.40) (2F, m), instead of one fluorine signal expected for the 1,4-di-
substituted product. The proton NMR spectrum showed both four aromatic protons and a 
signal for the tert-butyl group in the aliphatic region. The GC-MS was not helpful in 
identifying the product, but the accurate mass results confirmed that the mono-substituted 
product 284 had formed under these conditions. The desired product 282 was not formed and 
the plan to cyclize an ether compound with KHMDS was not carried out with the mono-
substituted compound 284. 
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Scheme 94: Attempted reaction of 4-tert-butylphenol 277 with hexafluorobenzene 50. 
3.21. Reaction of decafluorobiphenyl with tert-butylphenol 
 
Decafluorobiphenyl was also treated with 4-tert-butylphenol to synthesise a disubstituted 
compound 285 which it was hoped could be cyclised with KHMDS affording the linked 
dibenzofuran, a useful precursor to possible helicenes. To form the intermediate the reaction 
was performed under dry conditions with sodium hydride as base in dry THF at RT. The 
product afforded after extraction was an oil, in 48% yield. The spectroscopic analysis showed 
1
H NMR signals in the aromatic region and a singlet for tert-butyl in the aliphatic region. The 
fluorine NMR spectrum showed two main fluorine signals at δF 23.66-23.53 (4F, m) and 
8.84-8.79 (4F, m). These signals were expected in the desired compound 285.  The GC-MS 
gave a peak at 594.3 which corresponds to C32H26F8O2. The accurate mass ion was not 
detected. The structure of the desired compound 285 was confirmed by X-ray 
crystallography. The proposed cyclisation step was not be carried out with KHMDS because 
of the lack of success with other fluorinated substrates, and other methods for effecting 
cyclisation should be conducted in future. X-ray structure of the compound 285 is shown in 
Figure 19. 
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Figure 19: X-ray crystal structure of compound 285. 
 
Scheme 95: Reaction of decafluorobiphenyl 275 with tert-butylphenol 277. 
3.22. Bromination of sulfur compounds and cyclization of fluorinated 
compounds 
 
The lack of success with deprotonation reactions, and the lack of commercially available 2-
haloarenethiols prompted to study bromination of 4-tert-butylbenzenethiol 262. This could 
generate further benzenethiol substrates for reaction with perfluoroarenes to give compounds 
suitable for cyclisation with n-butyllithium by bromine-lithium exchange. The proposed 
reaction scheme is given below. 
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Scheme 96: Proposed reaction scheme of cyclization of the fluorinated compound. 
The reaction was designed to test the possibility of brominating the benzenethiol first, 
although easy oxidation to the disulfide was recognised, it was hoped bromination of the 
disulfide formed may occur to give 291. The reaction was conducted in acetonitrile at RT 
overnight. A white crystalline solid was afforded after work up and analysed by proton NMR 
spectroscopy and GC-MS. The proton NMR spectrum gave two doublets in the aromatic 
region at 7.44 (2H, d, J=8 Hz), and 7.32 (2H, d, J =8.4 Hz) and in the aliphatic region a 
singlet at 1.28 (9H, s). These signals showed that no bromination had occurred as it was 
hoping to observe three different protons in different environments. The GC-MS gave a peak 
at m/z 330.3 instead of 245 for the desired compound 289. The GC-MS signal indicated that 
the diphenyl disulfide 290 had formed as expected, but that no bromination of the arene ring 
had occurred. The disulfide 290 was then further treated with copper bromide to attempt the 
bromination. The disulfide 290 was treated with six equivalents of copper bromide, and the 
reaction was conducted at 80 
o
C for 4 h. A sticky solid was afforded and analysed through 
GC-MS. A single peak appeared at 330.2 which corresponds to the starting material 290. The 
result also showed that the reaction was unsuccessful under these conditions and no advance 
further on this idea could be made. 
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Scheme 97: Attempted bromination of diphenyl disulfide 290 with copper bromide. 
3.23. Reaction of disulfur dichloride with potassium phthalimide  
 
In another attempt to prepare an alkyl substituted 2-bromobenzenethiol, formation of an S-
protected 4-pentylbenzenethiol 297 was studied. The first step was the synthesis of 2,2'-
disulfanediylbis(isoindoline-1,3-dione),
144,145
 from disulfur dichloride (S2Cl2) and potassium 
phthalimide in CH2Cl2 to form an electrophilic sulfur reagent. 
 
Scheme 98: Synthesis of 2, 2'-disulfanediylbis(isoindoline-1,3-dione) 294. 
 
The solid afforded was identified by comparison with literature data
144,145
 and was then 
reacted with 4-pentylphenylmagnesium bromide prepared in situ from 4-pentylbromobenzene 
and Mg metal in dry THF. The reaction was stirred at RT overnight under N2. A white solid 
was afforded after work-up and analyzed by 
1
H NMR spectroscopy and GC-MS. The GC-MS 
showed a peak at 226 corresponding to 294. 
1
H NMR spectrum also indicated that the starting 
material 2,2
’
-disulfanediylbis(isoindoline-1,3-dione) 294 had been recovered. 
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Scheme 99: Attempted reaction of 2,2'-disulfanediylbis(isoindoline-1,3-dione) 294 with 4-
pentylbromobenzene. 
The reaction was then attempted with n-butyllithium at -78 
o
C to effect lithium bromine 
exchange in 295 to form 299. After addition of the disulfide 294 there was change in colour 
to light yellow. The solid product afforded after work-up and suction filtration was analysed 
by proton NMR spectroscopy and GC-MS. Column chromatography was then used to 
separate different fractions. The GC-MS showed one fraction to be starting material 
phthalimide (MW=147) while in another fraction a signal at m/z 204 suggested formation of 
N-butylphthalimide 298 with formula C12H13NO2. This was most likely formed by reaction of 
phthalamide with the 1-bromobutane generated during the bromine-lithium exchange. 
 
 
 
Scheme 100: Attempted reaction of 2, 2'-disulfanediylbis(isoindoline-1,3-dione) with 4-
pentylbromobenzene. 
The above results showed that the reaction was unsuccessful with either Mg metal or n-
butyllithium to form the necessary organometallic needed to generate a protected 
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benzenethiol 297 and it was possible to investigate bromination of 297 to form the reagent 
needed for further ring forming reactions. 
 
Scheme 101: Product identified by GC-MS. 
Another idea was to try the reaction of 4-tert-butylthiophenol 262 with a fluorinated substrate 
such as pentafluorpyridine 75.  It was hoped that bromination of 263 with CuBr2 would 
generate 288 suitable for cyclisation to give compound 264. The proposed reaction scheme is 
given below. 
 
Scheme 102: Proposed reaction scheme. 
After the successful synthesis of fluorinated compound 263 reported earlier, the reaction was 
designed to brominate the compound 263 with copper bromide. The reaction was attempted 
in acetonitrile at RT overnight. The material afforded was analysed by NMR spectroscopy. 
1
H NMR spectrum of the desired compound 288 would be different after bromination but the 
signals showed that there was no change in the chemical shifts and the spectrum was identical 
to starting material 263. There was no change in the 
19
F NMR spectrum either and it was the 
same as the starting material 263. These results showed that the reaction was unsuccessful 
under these conditions and no further approach to bromination was made. 
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Scheme 103: Attempted bromination of fluorinated compound with copper bromide. 
The approach to brominate of the fluoropyridyl sulfide 263 with copper bromide was not 
successful under these conditions, and this study had to be discontinued due to lack of time. 
Further approaches to find mild and convenient methods to effect such cyclisations will be 
explored in the group in the future. 
In conclusion in this chapter a search for alternative methods of cyclization of bromoaryl 
perfluoroaryl ethers and sulfides, to avoid the use of n-butyllithium, was described, which 
was partly successful using magnesium metal leading to ring closure of 131. Other methods 
including radical, Rieke metals, radical reagents, or non-nucleophilic bases on the 
unbrominated analogues, were unsuccessful and did not lead to cyclic fluorinated 
compounds.  
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4.1. Studies on the reaction of benzenethiol dianion with perfluoroarenes 
 
Since lithiation of 2-bromophenylthio perfluoroarenes had been successful in forming fused 
benzothiophene derivatives, it was decided to investigate an alternative strategy which might 
allow alternative ring fusion products to be formed selectively. Use of the dianion of 
benzenethiol might result in the more reactive carbanion attacking a perfluoroarene, such as 
pentafluoropyridine, first at the 4-position in an aromatic nucleophilic substitution (SNAr) 
reaction. Ring closure by attack of the remaining thiolate anion at C-3 would then form the 
benzothieno[2,3-c]pyridine, 303 with alternative ring fusion to the benzothieno[3,2-
c]pyridine formed previously by lithiation of 132 as shown in Scheme 105. 
 
 
 
Scheme 105: Possible ring fusion reactions to form [3, 2-c] or [2, 3-c]pyridines. 
 
By following the method of dianion formation reported in the literature
147
, the bis-
nucleophilic dianion could be used with different fluorinated arenes such as 
hexafluorobenzene 50 or decafluorobiphenyl 274 to give novel fluorinated heterocyclic 
compounds such as 305 or 306 respectively, with the fluorine atoms controlling the 
orientation of substitution and ring fusion by the repulsion effect
148 
which promotes attack 
para to a non-fluorine substituent. 
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Scheme 106: Proposed reaction of dilithiated benzenethiol with hexafluorobenzene and 
decafluorobiphenyl. 
4.2. Attempted reaction of the dianion of benzenethiol with 
pentafluoropyridine 
 
The aim of this reaction was to synthesise the novel trifluorobenzo[b]thieno[2,3-c]pyridine 
303 with the alternative ring fusion to the [3,2-c] isomer prepared previously. For this 
purpose benzenethiol was doubly deprotonated by treatment with 2 equivalents of n-
butyllithium in TMEDA at -20 °C using the method of Prichard and Smith
147
 (Scheme 107). 
The dianion formed could be used in the second step to react with pentafluoropyridine. It was 
hoped that the carbanion would be more reactive than the thiolate and that it would attack 
first at C-4 of the pyridine ring forming 303. Cyclisation by attack of the thiolate at C-3 
would give the desired compound with the alternate ring fusion.   
In the second step pentafluoropyridine was added to the dianion and the mixture stirred 
overnight at RT. The reaction was stopped after 24 h and quenched with ice water. Aqueous 
work-up and extraction with dichloromethane gave an oil which solidified on trituration with 
cold ethanol. The GC-MS of the solid gave a signal at 218, which showed that diphenyl 
disulfide has been isolated instead of desired compound 303. The fluorine NMR spectrum of 
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the material from the washings showed two fluorine signals which indicated a mono-
substituted pyridine had formed and cyclisation had not occurred. The product formed was 
308 which had arisen from attack by sulfur at C-4 and the carbanion had not cyclised (to give 
the known [3,2-c] isomer), but gained a proton during work-up forming a simple phenyl 
substituent. There was no evidence that 303 had formed under these conditions. 
  
 
 
Scheme 107: Reaction of dianion with pentafluoropyridine. 
 
 
 
Scheme 108: Proposed reaction of dilithiated  benzenethiol with pentafluoropyridine. 
4.3. Attempted reaction of the dianion of benzenethiol with 
hexafluorobenzene 
A similar experiment involving the dianion of benzenethiol and hexafluorobenzene was next 
investigated. Reaction with two equivalents of the dianion was predicted to form the fused bis 
benzothiophene 305 by sequential attack and cyclisation of the carbanion then the thiolate, 
the site of each attack being controlled by the remaining fluorine atoms. It was predicted that 
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the reaction would lead to the differently fused 6,12-difluorobenzo[1,2-b:5,4-
b']bis[b]benzothiophene 305 from that obtained already in the group. (Scheme 109) 
 
 
 
Scheme 109: Differently fused product from dianion. 
 
After treatment of a suspension of the dilithium salt of benzenethiol in TMEDA with 
hexafluorobenzene, addition of water precipitated a solid with m.p. 110-113 
o
C. The solid 
was recrystallized from EtOH.  
1
H and 
19
F NMR spectroscopy showed the product to be 314, 
and the molecular weight of 366 being confirmed by GC-MS. These results showed that the 
reaction had not given the target compound 305. It had given the bis-sulfide compound 314. 
No products arising from C-C bond formation were obtained. These results also showed that 
that the thiolate anion had attacked at the 1- and 4-positions of the ring rather than the 
carbanion center. To prove that the dianion had been successfully formed a control 
experiment was performed and methyl iodide was added to the dianion to form S-methyl 2-
methylphenyl sulfide successfully, although in low yield 22%. 
 
 
 
Scheme 110: Reaction of dianion with methyl iodide. 
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Scheme 111: Attempted reaction of dianion with hexafluorobenzene. 
4.4. Attempted reaction of the dianion of benzenethiol with 
decafluorobiphenyl 
To extend the scope of the chemistry and to try and prepare higher polycyclic analogues 
containing fused benzothiophene rings, also studied the reaction of the dianion with 
decafluorobiphenyl (Scheme 112).The proposed reaction scheme giving rise to the alternative 
2,2’ link between the two dibenzothiophene rings as in 306 is shown below. The previous 
cyclisation of the 4,4’-di-(2-bromophenylsulfanyl)-octaflurobiphenyl 317. had given the 3,3’-
linked compound 317. 
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Scheme 112: Proposed dianion formation and reaction with decafluorobiphenyl. 
 
Treatment of decafluorobiphenyl with two equivalents of the dianion 307 gave a solid after 
work-up and trituration. The melting point of the solid was 91-96 °C. The proton NMR 
spectrum showed aromatic signals at 7.48-7.44 and 7.33-7.30. These signals did not fit the 
desired compound 306 but suggested the presence of a phenyl substituent.  The fluorine 
spectrum exhibited two signals at 30.36-30.26 and 25.23-25.12 respectively, rather than three 
fluorine signals expected for the target compound 306. These results also showed that the 
desired compound 306 had not formed. The GC-MS displayed a signal at 514, which also 
confirmed that the bis-sulfide 318 had formed instead of the cyclized desired compound 306. 
A solid was recrystallized from hot ethanol. X-ray structure of the compound 318 confirmed 
that it had not cyclized. The data agreed with that reported by Paul O’Hora149 previously in 
the group. 
 
 
 
Figure 20: ORTEP diagram of the compound 318 (Ellipsoids are drawn at 50% probability). 
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Scheme 113: Reaction of dianion with decafluorobiphenyl. 
 
Disappointingly this reaction of the dianion had also failed to give any cyclic products, and 
the dianion failed to react with pentafluoropyridine, hexafluorobenzene and 
decafluorobiphenyl in the predicted manner of adding by the carbanion first. All reactions 
with aromatic fluorinated compounds had shown that initial attack was by the thiolate anion. 
It is not clear why the carbanion centre failed to undergo ring closing reactions. Therefore, it 
was also decided to investigate protection of the sulfur atom to allow ortho-lithiation to 
enable attack by the carbanion centre to be promoted first. Similar strategies employing O- or 
N-protected phenol and aniline derivatives were also envisaged. 
4.5. Protection of arenethiols 
 
A new series of reactions was performed in order to protect the sulfur atom and then effect 
ortho-lithiation before adding the perfluorinated compounds. Carbamate protecting groups 
were studied initially.
150
 In the first method the reagents used (scheme 115) were 
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benzenethiolol and trichloroacetyl chloride following a literature procedure.
150
 The reaction 
employed triethylamine as a base, and the solvent used was dichloromethane with the 
reaction mixture maintained at RT overnight. The product expected was S-phenyl 2,2,2-
trichlorothioacetate, which would then react with diethylamine in the presence of methanol to 
give S-phenyl diethyl carbamothioate. In the next step this would be deprotonated with the 
strong base (NaHMDS) to generate a carbanion which it was hoped would add to 
pentafluoropyridine to give the intermediate product 324. In the final stage a suitable base 
such as aqueous sodium hydroxide would be used to cleave the protecting group and allow 
cyclisation to form the desired cyclized compound 303. 
 
 
 
   Scheme 114: Proposed reaction scheme. 
 
4.6. Synthesis of S-phenyl diethylcarbamothioate from diethyl carbamoyl 
chloride 
 
The literature method
150
 to prepare S-phenyl diethylcarbamothioate was found to be 
problematic, so commercially available diethyl carbamoyl chloride was employed instead. 
The reaction of benzenethiol with diethyl carbamoyl chloride was conducted at RT in 
CH2Cl2. The product formed was analysed by various spectroscopic techniques. The GC-MS 
showed a peak at m/z 209 corresponding to M
+
. The proton NMR spectrum had signals for 
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CH2 (3.46-3.39, m) and CH3 (1.19, t, J =8Hz) for the desired compound 321. The aromatic 
region showed five protons for the desired compound 321. The infrared spectrum gave a peak 
at 1663 for the carbonyl group. The carbon spectrum also supported the desired compound 
321 with peaks at 134.0, 129.9, 129.7, 128.1, 126.2, 50.0, 39.9. All these results indicated 
that the reaction was successful under these conditions and formed desired compound 321. 
 
Scheme 115: Synthesis of S-phenyl diethylcarbamothioate. 
However the low yield meant insufficient material was available to study the next steps 
involved in the synthesis of fluorinated compound.  
4.7. Synthesis of 4-(tert-butyl)phenyl diethylcarbamate from diethyl 
carbamoyl chloride 
 
To protect the oxygen of a phenol, with aim of effecting ortho-lithiation, diethyl carbamoyl 
chloride was reacted with 4-tert-butylphenol. The reaction was attempted in dry THF 
overnight under N2. A white solid (1.21 g, 97%) was afforded.  All the spectroscopic analysis 
confirmed that the desired product 327 was formed successfully. The GC-MS gave a peak at 
249.1 and infrared spectrum showed a carbonyl peak at 1708. The 
1
H NMR spectrum also 
confirmed the signals for both aromatic and aliphatic protons. The intermediate formed could 
be used in subsequent reactions to investigate ortho-lithiation and reaction with 
perfluoroarenes but lack of time precluded such studies. 
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Scheme 116: Synthesis of 4-(tert-butyl)phenyl diethylcarbamate. 
4.8. Linked fluorinated dibenzothiophenes as precursors to curved or 
helical polycyclic arenes  
In organic chemistry helicenes are ortho condensed organic compounds in which benzene 
rings or other aromatic compounds are angularly annulated to give helically shaped 
molecules with overlapping rings forced out of the plane. In recent years because of their 
spectral, structural and optical features helicene chemistry has attracted much interest. The 
first helicene synthesis was reported by Newman and Lednicer in 1956.
151
 Stilbene like 
molecules have been formed through a photochemical approach.
152
 The Diels-Alder strategy 
is another important synthetic method to make helicenes. Through these methods one can 
generate both functionalized and unfunctionalized helicenes. In a range of catalytic processes 
the role of helicenes as a new class of chiral ligand for transition metal complexes, 
organocatalysis and Lewis basic catalysis has been studied. 
Fluorinated compounds can be synthesised through Wittig and Heck reaction procedures, 
through these methods photocyclization converted stilbenes into polyaromatic hydrocarbon 
such as phenanthrenes.
153
 Thiophene containing helicenes have been reported, also using 
photochemical synthesis as shown in figure 21. 
 
 
Figure 21: Structure of trithia-heterohelicene (TH5), tetrathia-heterohelicene
154
. 
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It was decided to investigate the synthesis of fluorinated heterocyclic aromatic compounds 
with helicene type structures and to study their physical and optical properties. The linked 
dibenzothiophene 317 was used as a precursor. 
 
 
 
Scheme 117: General scheme for the synthesis of helicene type structure. 
 
4.9. Synthesis of (perfluoro-[1,1'-biphenyl]-4,4'-diyl)bis((2-bromophenyl)sulfane) 
 
The compound investigated first of all to make a potential helicene type structure was 
decafluorobiphenyl. Reaction with two equivalents of 2-bromothiophenol 192 was expected 
to give 330 which on treatment with n-butyllithium should form the linked dibenzothiophene 
317. It was then envisaged that a third thiophene ring could be formed across the central two 
benzene rings by reaction with an appropriate sulfur nucleophile, which was predicted to 
attack meta to the sulfur atoms in 317 in an SNAr process. The first step was conducted at RT 
with 2-bromothiophenol. Sodium hydride was used as a base in DMF. A solid was afforded 
in 57% yield with melting point of 130-135 
o
C. The 
1
H NMR showed aromatic signals with 
two doublets and two triplets, which identified the aromatic region of the target compound 
330. The 
19
F NMR gave two fluorine signals for eight fluorine atoms, four inner and four 
outer in the desired compound 330. The 
13
C NMR spectrum also identified the C-F and other 
quaternary carbon atoms in the target compound 330. The accurate mass measurement gave a 
peak at 672.8363 which corresponds to the formula C25H8Br2F8S2H for [M+H]
+
. These 
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results confirmed that the desired compound 330 was formed successfully which was used in 
the next step to effect the cyclisation. 
 
 
Scheme 118: Synthesis of (perfluoro-[1,1'-biphenyl]-4,4'-diyl)bis((2-bromophenyl)sulfane). 
 
After successful synthesis of the compound 330 with moderate yield, the second step was to 
carry out the cyclisation with n-butyllithium in THF. A solid was afforded in low yield and 
characterised through different spectroscopic techniques. There was a change in the 
19
F NMR 
spectrum with three fluorine signals compared to only two in the starting material 330. The 
proton shifts changed as well. These signals fitted the desired compound 317. The GC-MS 
confirmed the mass of the desired compound 317 at 474.0, and the accurate mass 
measurement gave a peak at m/z 475.0046, which corresponds to (MH)
+ 
for the formula 
C24H8F6S2, supporting the target compound 317. The compound 317 was not very soluble in 
most organic solvents, so it has not yet been possible to get crystals for X-ray crystallography 
to verify the structure. 
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Scheme 119: Synthesis of compound 317 from compound 330. 
4.10. Attempted synthesis of a heptacyclic thiophene based helicene 
structure 
This reaction was designed to synthesise a curved molecule 331 that depending on its 
planarity, or by further substitution of fluorine, could adopt a helicene type structure. 
Reaction of 317 with a further nucleophile, such as an H2S equivalent, should result in 
addition meta to the thiophene sulfur leading to ring closure across the 2- and 2’-positions of 
317 forming 331. It was decided to use the silicon reagent hexamethyldisilathiane (Me3Si)2S 
as an H2S equivalent which was expected to generate Me3SiS
(-)
 333 on treatment with a 
catalytic amount of CsF. It was hoped the thiolate would effect SNAr reaction meta to 
fluorine in 332. The liberated fluoride ion would then act as a chain carrier cleaving the 
remaining trimethylsilyl group to promote ring closure.  
 
Scheme 120: Proposed reaction mechanism for the thiolate ion. 
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The next released fluoride can then cleave the trimethylsilyl group in a further molecule of 
(Me3Si)2S to continue the chain reaction. The by-product is the gaseous trimethylsilyl 
fluoride 334 which would evaporate leaving the desired product 331 behind. 
The solvent used was toluene and a catalytic amount of cesium fluoride was used as an 
initiator. The fluorine spectrum of the crude material produced was complicated with more 
fluorine signals than the two expected for structure 331. Preparative TLC was carried out to 
separate and purify the products. Different fractions obtained were analysed by proton and 
fluorine NMR spectroscopy. These fractions mainly contained the starting material 317. 
There was one fraction which showed two fluorine at δF 22.06-21.99 (1F, m), 17.7 (1F, d, J 
=10.15 Hz). This could be potential product as it was expecting two fluorines in the desired 
compound 331. The 
1
H NMR spectrum was very weak due to low solubility and the small 
amount of material obtained, and there was no aromatic signals were apparent. The accurate 
mass ion was not detected and attempts were made to grow crystals for X-ray analysis in 
different solvents. However no conclusive evidence for the formation of 331 could be 
obtained. On the basis of these results, it was concluded that the reaction mainly gave starting 
material with some potential product in low yield. The reaction was attempted again on a 
larger scale but the proton, and fluorine NMR, and accurate mass results again showed that 
the starting material was recovered. Further investigation is needed to improve the reaction 
conditions.  
 
Scheme 121: Attempted reaction of the linked dibenzothiophene 317 with (Me3Si)2S to make 
a curved heptacycle. 
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4.11.Attempted reaction of 1,1',2',3,4,4'-hexafluoro-2,3'-bidibenzo[b,d]thiophene 
with hexamethyldisilaxone 
In order to investigate how an oxygen nucleophile behaves towards 317 form a curved 
heptacyclic fused furan structure 337 reaction with hexamethyldisiloxane was studied. The 
silicon reagent used, hexamethyldisiloxane (Me3Si)2O, was expected to generate Me3SiO
-
 on 
treatment with a catalytic amount of CsF. It was hoped the oxy anion would effect SNAr 
reaction para to fluorine in 317 as described before. The liberated fluoride ion would then act 
as a chain carrier. The reaction was performed in toluene under reflux. A solid was afforded 
after extraction and analysed by NMR spectroscopy. The proton and fluorine spectra both 
identified that it was starting material 317. There were two minor fluorine signals that could 
be potential product, these signals appeared at 21.96-21.89 (1F, m) and 17.54-17.45 (1F, m). 
It was not possible to separate the product from starting material, because the yield was low 
and also the reaction was on a small scale. The reaction was repeated on a bigger scale with 
10 equivalents of silicon reagent for a prolonged period (6 days). Analysis showed that 
starting material 317 was again recovered and reaction was unsuccessful under these 
conditions. Future work will be needed to improve reaction conditions to make the curve 
structure 337. 
 
Scheme 122: Attempted reaction with hexamethyldisilaxone to make a curved structure. 
4.12.Attempted reaction of 1,1',2',3,4,4'-hexafluoro-2,3'-bidibenzo[b,d]thiophene 
with hexamethyldisilazane 
This reaction involved a series of experiments to investigate possible synthesis of a 
potentially helical bis-benzothienocarbazole 339 containing nitrogen in a central pyrrole ring 
of the heptacyclic curved structure. Although it was known that the reactivity of nitrogen 
nucleophiles is low compared to oxygen and sulfur nucleophiles with these types of 
fluorinated arene, still decided to investigate reaction with hexamethyldisilazane. The 
following reaction was conducted in toluene under reflux in the presence of cesium fluoride 
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used as catalyst. The material afforded after work-up and extraction was analysed through 
TLC and NMR spectroscopy. The analysis indicates that there was no change in the proton 
and fluorine spectra. The reaction was repeated and the reaction duration was extended and 
more equivalents of the hexamethyldisilazane were used. The NMR spectroscopy results still 
showed that the starting material 317 was recovered and the reaction was not successful. Due 
to the shortage of the time could not carry on the investigation. Further work will be needed 
to find a suitable method for the reaction to make curved structure 339. 
 
 
 
Scheme 123: Attempted reaction with hexamethyldisilazane reagent to make curved structure 
339. 
4.13.Synthesis of 1,1',4,4'-tetrafluoro-N2,N2'-diheptyl-[3,3'-bidibenzo[b,d]thiophene]-
2,2'-diamine 
In order to try to increase the solubility of the curved molecules also investigated a reaction 
of 317 with a long chain amine with the idea to make an N-alkyl curved structure 340. It was 
hoped an alkylamine would add across the 2- and 2’-positions of 317 to form the bis-
benzothienocarbazole derivative 340, with the alkyl chain rendering the compound more 
soluble and easier to study. The reaction was conducted in neat heptylamine as solvent at 150 
o
C. The reaction time was increased to 72 h. A pure compound was afforded after purification 
by preparative TLC. The spectroscopic analysis suggested that compound 341 was formed 
rather than the desired 340, with the fluorine NMR spectrum showing two fluorine signals for 
four fluorine atoms. The infrared spectrum gave broad signals for NH group at 3584. The 
proton NMR identified both aliphatic and aromatic protons for the compound. Attempted 
accurate mass measurement however did not identify the parent ion. The data obtained so far 
partially supported the formation of compound 341 in which two heptylamine molecules had 
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added at the 2- and 2’-positions rather than one amine adding and forming a pyrrole ring as 
had been hoped. The target compound was not obtained but still substitution appeared to have 
occurred at the correct position suggesting the strategy is worth pursuing further.  
 
Scheme 124:  Attempted reaction of 317 with heptylamine to synthesise curved structure 340. 
 
4.14. Synthesis of 4,4'-bis(2-bromophenoxy)-2,2',3,3',5,5',6,6'-octafluoro-1,1'-
biphenyl 
The reaction was conducted in order to investigate possible Smiles type rearrangement and 
subsequent cyclisation in the biphenyl series using an oxygen linked fluoroarene. The 
behaviour of oxygen substituents in different fluorinated pyridine and benzene derivatives 
has already been investigated in the group, and it has been shown that ether linked 
fluoropyridines undergo Smiles type rearrangement rather than direct cyclisation as observed 
with the corresponding sulfides. The resulting phenol derivatives can be subsequently 
cyclised to give fused furan rings. This reaction was thus a continuation of this idea, to see if 
dibenzofurans such as 342, linked at the 2- and 2’-positions could be made. The reaction of 
decafluorobiphenyl with 2-bromophenol gave a 62% yield of the desired compound. The 
compound was analysed spectroscopically. The fluorine NMR spectrum showed two fluorine 
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signals for eight fluorine atoms required for the desired compound 342. The 
1
H NMR 
spectrum identified four two-proton signals, two doublets and two triplets, for the desired 
compound 342. The 
13
C NMR spectrum also showed signals consistent with the desired 
compound 342, with the characteristic C-F coupling apparent. The mass of the compound 
was confirmed by accurate mass spectrometry which identified a peak at m/z 639.8735, 
corresponding to C24H8Br2F8O2. These results confirmed that the desired compound 342 was 
synthesised successfully. 
 
Scheme 125: Synthesis of 4,4'-bis(2-bromophenoxy)-2,2',3,3',5,5',6,6'-octafluoro-1,1'-
biphenyl. 
4.15. Synthesis of 2',2'',3',3'',5',5'',6',6''-octafluoro-[1,1':4',1'':4'',1'''-
quaterphenyl]-2,2'''-diol 
The synthesised compound 342 was then treated with n-butyllithium at -78 
o
C. The 
spectroscopic analysis indicated that as with other fluorinated compounds containing oxygen 
nucleophile, this compound rearranged through a Smiles type rearrangement and gave the 
novel compound 343 in good yield, 91% with, m.p. 251-253 
o
C. 0.22 g of material was 
obtained. The synthesised compound was confirmed spectroscopically. The 
1
H NMR 
spectrum was different from the starting material and showed an OH peak at 9.99 (s). The 
19
F 
NMR spectrum exhibited two peaks with changed chemical shift from the starting material. 
They were very close to each other at δF 22.48-22.41(4F, m), and 22.12-21.97(4F, m). The 
13
C NMR spectrum also fitted the desired compound 343. The infrared spectrum gave a broad 
peak at 3583, which corresponded to the OH group, which was not present in the starting 
material. The accurate mass measurement identified a peak at 483.0627, which corresponds 
to (M+H)
+
 for the formula C24H10F8O2H. The elemental analysis results fitted reasonably 
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well for a dihydrate (C24H10F8O2.2H2O), (requires C% 55.57, H% 2.72; found C% 55.57%, 
H% 2.22), although the value for hydrogen was low. These results confirmed that the 
rearranged product was successfully synthesized and characterized.  
 
 
Scheme 126: Synthesis of the rearranged product 343. 
 
4.16. Cyclisation of 2',2'',3',3'',5',5'',6',6''-octafluoro-[1,1':4',1'':4'',1'''-
quaterphenyl]-2,2'''-diol 
The next step was to cyclize the fluorinated rearranged product 343 successfully synthesized 
in the above reaction. The cyclisation of the rearranged compound was achieved by using 
sodium hydride in DMF at 80 
o
C for 3 h. A solid was afforded after dilution of the reaction 
mixture with water, and was collected by suction filtration in good yield.  Spectroscopic 
analysis confirmed that the desired 2,2’-bi-dibenzofuran 344 was formed successfully. The 
19
F NMR spectra fitted the desired compound 344 with three fluorine signals in the 
19
F NMR 
spectrum which were different from starting material where there were only two fluorine 
signals very close to each other. The 
1
H NMR spectrum was also different from that of the 
starting material and the OH peak had disappeared. The desired compound 344 was also 
confirmed by accurate mass measurement which identified a peak at 443.0500 corresponding 
to (MH)
+ 
for C24H8F6O2. These results supported that the target compound 344 was 
synthesized successfully under these conditions.  
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Scheme 127: Synthesis of 1,1',2,2',4,4'-hexafluoro-3,3'-bidibenzo[b,d]furan. 
Further investigation of the chemistry of this molecule would be of interest to see if addition 
of a further nucleophile would generate a further ring leading to aromatic fused ribbon type 
structures.  
This investigation to synthesise helicene or curved structures met with limited success 
because we could not find suitable conditions to form the final ring. Future work in the group 
will continue on this important class of compounds. 
One of the challenges faced during research with polycyclic fluorinated arenes was the issue 
with solubility. Some of the compounds were insoluble or poorly soluble in most organic 
solvents. For this reason could not manage to obtain good NMR spectra. These compounds 
also have very high melting points which could make them difficult to process in future 
molecular electronic applications. To overcome this problem, therefore tried to attach long 
alkyl chain groups, which hoped would increase the solubility and allow easier handling. It 
was also wished to investigate packing of the molecules by single crystal X-ray analysis. 
Understanding the packing arrangement would be important in future applications to 
construct conducting electronic devices. Thus preparation of alkyl substituted analogues was 
considered which would allow easier synthesis and characterisation, as well as future 
processing properties for material applications. 
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4.17. Synthesis of 2-bromo-4-pentylphenol with copper bromide 
The idea was to brominate a long chain phenol to increase the solubility and lower the 
melting point of the compounds. The first reaction of this series was with 4-pentylphenol 
with copper bromide.
155 
The reaction was performed in dry acetonitrile overnight under N2. 
The material afforded was an oil and this was analysed by 
1
H NMR spectroscopy. There were 
three protons in the aromatic region. These protons appeared at   δH 7.30 (1H, d, J =2 Hz), 
7.04 (1H, dd, J =8 and 2 Hz), 6.96 (1H, d, J =8.4 Hz) and OH signal at 5.77 (1H, s). The 
proton NMR fitted the desired compound 346. The proton NMR spectrum also showed peaks 
in the aliphatic region with signals at 2.53 (2H, t, J=8 Hz), 1.63-1.55 (2H, m), 1.39-1.34 (4H, 
m), 0.92 (3H, t, J =7.2 Hz), confirmed the desired compound 346 and that bromination 
adjacent to the OH occurred. The carbon NMR spectrum also confirmed the desired 
compound 346. The infrared spectrum showed a broad peak at 3518, indicates the OH group 
presence. The desired compound 346 was confirmed by GC-MS and showed 2 peaks for the 
Br isotopes at m/z 242 and 244. 
 
Scheme 128: Reaction of 4-pentylphenol with copper bromide. 
4.18. Synthesis of 4,4'-bis(2-bromo-4-pentylphenoxy)-2,2',3,3',5,5',6,6'-
octafluoro-1,1'-biphenyl 
The brominated 4-pentylphenol was treated with decafluorobiphenyl in the presence of 
sodium hydride as a base. The product formed was purified by column chromatography and 
preparative TLC. In the fluorine NMR spectrum there were two fluorine signals, required for 
the desired compound 348. The 
1
H NMR showed both aromatic signals and aliphatic signals 
for the pentyl group. The 
13
C NMR spectrum also supported the proposed structure 348 with 
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peaks at 151.6, 145.0 (dd, J=250, 11 Hz), 141.0 (dd, J=260, 15 Hz), 140.9, 135.7 (t, J=12 
Hz), 133.7, 128.3, 116.2, 112.0, 34.9, 31.4, 31.0, 22.5, 14.0. The accurate mass measurement 
gave m/z at 777.0284 which corresponds to C34H28Br2F8O2 also confirming the desired 
compound 348. The results obtained so far indicate that the reaction was successful under 
these conditions although the product was isolated in only 16% yield. The mono-substituted 
compound 347 was identified as a second product of the reaction with five fluorine signals at 
24.6 (2F, d, J=18.8 Hz), 24.3 (2F, d, J=17.29 Hz), 17.5 (1F, d, J=10.15 Hz), 10.3 (2F, d, 
J=22.93 Hz), 8.28-8.20 (2F, m). 
 
Scheme 129 : Synthesis of 4,4'-bis(2-bromo-4-pentylphenoxy)-2,2',3,3',5,5',6,6'-octafluoro-
1,1'-biphenyl. 
Due to the low yield of 348 and lack of time it was not possible to investigate the reaction 
with n-BuLi which it was hoped would give the rearrangement product 349. Further work 
will be needed to advance the synthesis to the 2,2’-linked dibenzofuran 348. 
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4.19. Attempted reaction of 4-pentylphenol with pentafluoropyridine 
As a final part of this investigation the formation of the dianion of 4-pentylphenol with two 
equivalents of n-butyllithium at -78 
o
C, and its possible reaction with pentafluoropyridine, 
were studied. This might lead to either of the fused benzofuranopyridines 351 or 352. It was 
hoped that the carbanion would be more reactive than the phenoxide and it would attach to 
the fluorinated compound first through C-4 and give the [2,3-c] ring fusion as in 303 (scheme 
108). The fluorine spectrum of the crude product isolated however showed that it was a 
mixture of at least two compounds. An attempt was made to separate the components by 
column chromatography eluting with petroleum ether and ethyl acetate in different 
concentrations. The fractions separated were analyzed by 
1
H and 
19
F NMR spectroscopy. The 
results showed the fractions to still be mixtures and the desired compound 351 or 352 could 
not be isolated. 
 
Scheme 130: Attempted reaction of dianion formation of 4-pentylphenol. 
This part of the project had led to the successful synthesis of a number of linked bi-
dibenzothiophenes and bi-dibenzofurans and other precursors suitable for possible formation 
of fused helical molecules. Further research to uncover methods to effect further cyclisation 
reactions employing these compounds would be desirable. 
In conclusion this Chapter reported attempts to use the dianion of benzenethiol to form 
alternatively fused benzothiophene derivatives with the [2,3-c] configuration, instead of the 
[3,2-c] fused products already developed in the group. These reactions were not successful to 
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form cyclised compounds. It was found that the dianion attacked through sulfur and not 
through carbon giving the sulphide derivatives.  
Attempts to form helicene structures such as compound 331 were made. The intermediate 
linked dibenzothiophene 317 was formed successfully, but various attempts to add a further 
nucleophile (thiolate, silyloxide or amine) at a position meta to sulfur were not successful, 
and further work needs to be done in that area. Compound 344 was also successfully 
synthesised which could form a heptacyclic ribbon like polyarene by the addition of a 
nucleophile across the two central fluorobenzene rings. 
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Chapter 5 
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5.1. Synthesis of Nitrogen Heterocycles from Fluorinated Precursors 
 
The importance of nitrogen heterocycles in materials chemistry and medicinal chemistry is 
increasing due to their specific properties, such as electronic effects, and H-bonding 
interactions with biological molecules such as proteins, nucleic acids and receptors. A large 
number of modern drugs contain N-heterocyclic moieties
156
 and such compounds are 
synthetically challenging and are important targets in organic synthesis. N-heterocycles can 
also be synthesised from nitrile, nitro or amino compounds or their nitrogen containing 
derivatives.
157
 Introducing fluorine into drug molecules can have many benefits such as 
increasing resistance to metabolism, and improved lipophilicity and transport across 
membranes. Many current drug molecules contain one or more fluorine atoms. Thus it was 
decided to try and extend approach to fused heterocycles using SNAr reactions of 
perfluoroarene precursors to compounds containing nitrogen.  
5.2. Synthesis of fluorinated 4-methylbenzenesulfonamide derivatives   
It was decided to study the synthesis of N-2-(bromophenyl) 4-methylbenzenesulfonamide, 
and its reaction with perfluoroarenes to generate precursors suitable for cyclisation by 
lithium-bromine exchange as had been successful for analogous oxygen and sulfur 
compounds. The importance of benzenesulfonamide derivatives in medicinal and 
pharmaceutical chemistry has already been mentioned in the literature. The compounds 
containing benzenesulfonamide and their derivatives are used in different drugs for the 
treatment of heart failure, Streptococci infections and also an effective inhibitors in cancer 
treatment.
158,159
 The present study was conducted with perfluorinated compounds to 
synthesise novel fluorinated benzenesulfonamide derivatives. For example in compound 357 
(Scheme 132), the bromobenzene ring could be lithiated to see if the resulting aryllithium 
would cyclize onto the fluorinated ring by SNAr reaction, or induce Smiles-type 
rearrangement as had been observed in the case of tetrafluoropyridyl ethers. Nitrogen 
containing heterocycles could be formed by following this approach.  
5.3. Synthesis of N-(2-bromophenyl)-4-methylbenzenesulfonamide 
The starting sulfonamide 356 was synthesized by reaction of 2-bromoaniline with p-
toluenesulfonyl chloride in pyridine (Scheme 131). The reaction was conducted at RT and the 
desired product 356 was afforded in 91% yield. The compound was characterized by proton, 
carbon NMR and infrared spectroscopy which confirmed that the desired compound 356 was 
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successfully formed, and it was used in next step with different fluorinated compounds, 
starting with pentafluoropyridine (Scheme 132).  
  
 
 
Scheme 131: Reaction of 2-bromoaniline with p-toluenesulfonyl chloride. 
5.4. Synthesis of N-(2-bromophenyl)-N-(2,3,5,6-tetrafluoropyridine-4-yl)  4-
methylbenzenesulfonamide 
 
Several reactions conditions were investigated to find a suitable method to synthesize the 
desired compound 357. By using sodium hydride as base and a mixture of THF and DMF as 
solvents at 70 °C for 2 h, and then allowing the reaction mixture to stir at RT for 24 h, the 
desired compound 357 was afforded after column chromatographic purification as colourless 
crystals in 26% yield. The fluorine spectrum showed two signals required for the desired 
compound 357. One fluorine signal was sharp around F 72, multiplet while the other, 
surprisingly, other was broad at F 20. The broad signal could be due to the hindered rotation 
of the bulky sulfonyl group. The 
19
F NMR spectrum proved the formation of the target 
fluorinated compound, as did the mass spectrum which gave the exact mass of the target 
compound,  HRMS (ESI) m/z found 472.9588 (MH)
-
, C18H10
79
BrF4N2O2S  requires 472.9588. 
 
 
Scheme 132: Reaction of pentafluoropyridine with sulfonamide 356. 
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5.5. Reaction of N-(2-bromophenyl)-N-(2,3,5,6-tetrafluoropyridine-4-yl)  4-
methylbenzenesulfonamide with n-butyllithium 
 
Metal-halogen exchange with n-butyllithium was investigated for compound 357 in order to 
see if cyclisation or Smiles type rearrangement by an intramolecular SNAr process would 
occur. The cyclization reaction was first carried out with n-butyllithium at -20 
o
C in THF. 
The colour of the mixture changed to light yellow or orange. The product afforded after 
work-up and extraction with CH2Cl2 was a colourless sticky material. By column 
chromatography and elution with petroleum ether and ethyl acetate various fractions were 
obtained. Further purification by preparative TLC of the first fraction and eluting with 9:1 
petroleum ether and ethyl acetate gave two bands. A white crystalline solid was afforded 
from the less polar fraction, which was analysed by 
1
H, 
19
F NMR spectroscopy and HRMS. 
The spectroscopic results led to the conclusion that the rearranged product 360 had formed 
since two fluorine signals were observed instead of the three expected for the cyclised 
product 358. The accurate mass spectrum gave a signal at m/z at 414.0888 for 
C18H12F4N2O2SNH4 corresponding to the expected molecular formula for the ammonium 
adduct. The top band showed three fluorine signals and the proton NMR showed butyl 
signals in the aliphatic region. The by-product proved to be the butyl substituted rearranged 
compound 359 in which the n-BuLi had attacked the 2-position of the fluoropyridine ring. 
The yield of 360 was higher (54%) when the reaction was carried out at -78 
o
C and the 
butylated product was formed in only (4%). No evidence for the product of direct cyclisation 
358 was obtained. X-ray crystallography confirmed the structures of both the rearranged 
compound 360 and the butyl adduct 359 as shown in the figure 21 below. 
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Scheme 133: Reaction of n-butyllithium with N-protected fluorinated compound. 
                            
Figure 21: X-ray crystal structure of the compounds 359 and 360. 
5.6. Cyclization of the rearranged compound with sodium hydride 
The rearrangement product 360 was next cyclized under dry conditions in the presence of 
sodium hydride. The solvent used was dry DMF at 100 
o
C for 3 h. The crude material was 
afforded after extraction and purification carried out by preparative TLC. The desired 
compound 361 showed three fluorine signals at 𝛿F 8.5 (1F, m), 65.3 (1F, m), and 91.5 (1F, m) 
indicating two fluorines adjacent to the ring nitrogen and one at a meta position. The accurate 
mass measurement data was found at 376.0461 which correspond to C18H11F3N2O2S.  
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Besides the main compound a side product was identified, possibly as 362, with two fluorine 
signals, 22.9 (1F, d, J=35 Hz), 92.4 (1F, d, J=35 Hz). The proton NMR spectrum also 
confirmed the products with signals in the aromatic region and butyl signals in the aliphatic 
region, although the exact location of the butyl substituent has not been confirmed. The 
formation of 362 indicates the sample of 360 used must have been contaminated with the 
butylated side product 359 formed in the previous step. 
 
Scheme 134: Cyclization of the rearranged compound with sodium hydride. 
5.7. Synthesis of N-(2-bromophenyl)-4-methyl-N-(2,3,4,5,6-
pentafluorophenyl)-benzenesulfonamide  
The successful synthesis of the fluorinated pyrido-indole compound 362, encouraged to 
explore and extend research to other fluorine containing compounds including 
hexafluorobenzene and decafluorobiphenyl by using similar reaction conditions (Scheme 
135). Investigation predicted that the reaction with pyridine derivatives was easier compared 
to other fluoroarenes. For this reason hexafluorobenzene was used in excess. A white solid 
was afforded after extraction and gave 94% of the mono-substituted product 364. The proton, 
fluorine and infrared spectra confirmed that the addition took place only once, and formed the 
mono-substituted product (unlike thiols and alkoxides which tended to give 1,4 di-addition). 
The accurate mass measurement was run a number of times but unfortunately did not fit the 
mono-substituted compound. The reaction was also attempted with 2-equivalents of the 
sulfonamide derivative 356. A complicated fluorine spectrum was observed for the crude 
material. A solid was afforded after recrystallization from petroleum ether and diethyl ether. 
The solid was further purified through preparative TLC eluting with 5:1 petroleum ether and 
diethyl ether. One band showed fluorine signals at 70.76 (t), with GC-MS indicating a signal 
at 281.2. The second band exhibited two fluorine signals one at 72.45(m) and a broad signal 
at 20.1. The proton NMR spectrum showed no aromatic signals or very weak signals. The 
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melting point of the solid was 170-173 
o
C.  The accurate mass gave a peak at m/z 795.9182 
close, but not accurate enough, for the expected composition C32H22
79
Br2F4N2O4S2, which 
required 795.9318. Based on this information cannot claim that di-substituted product 363 
had formed. When 4-equivalents of nucleophile was used under the same conditions, mono-
substituted product was again formed and there was no sign of di-substituted product. To 
conclude that it was very difficult to effect the second substitution with a nitrogen 
nucleophile.  
 
Scheme 135: Attempted Synthesis of mono and di-substituted product. 
5.8. Attempted cyclization of N-(2-bromophenyl)-4-methyl-N-
(perfluorophenyl)benzenesulfonamide with n-BuLi 
 
The pentafluorophenyl bromophenyl sulphonamide compound 364 synthesised was next 
treated with n-butyllithium in THF to study possible cyclisation or rearrangement to form 
either carbazole 366 or biphenyl 365. The crude product isolated was purified by column 
chromatography and yielded several fractions. The main fraction collected was a white 
crystalline solid affording 0.16 g. The proton NMR spectrum showed signals for four protons 
of the aryl sulfonyl group and a methyl signal at 2.39. There were signals for four aromatic 
protons showing as a doublet, a triplet and a two proton multiplet. The fluorine NMR 
spectrum was complicated and showed two main fluorine signals plus minor signals. The 
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other fraction which was eluted in 2:1 petroleum ether and diethyl ether was an oil, and only 
0.02 g. The proton NMR spectrum was almost the same to the above solid fraction but the 
fluorine spectrum was clean and two signals appeared and both were multiplet around 70.56-
70-30 (2F, m), 20.81-20.54 (2F, m). These signals were not expected in the desired cyclized 
or rearranged compound, as four different fluorine signals for the cyclized product 366, and 
three signals for rearranged compound 365 were predicted. These analyses showed that the 
reaction was unsuccessful under these conditions and the products formed could not be 
identified. X-ray crystallography of the crystalline material was then obtained and showed 
that the starting sulfonylamide 356 had been isolated without the pentafluorophenyl group. 
This suggested that the n-butyllithium had attacked at the N-substituted carbon atom (ipso 
position) of the pentafluorobenzene, and displaced the sulphonamide anion as a leaving group 
to give starting sulfonylamide. The other product of this process, 1-butyl pentafluorobenzene 
was not detected. 
 
Scheme 136: Attempted cyclization of N-(2-bromophenyl)-4-methyl-N-
(perfluorophenyl)benzenesulfonamide with n-BuLi. 
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Figure 22: X-ray structure of the compound 356. 
 
5.9. Attempted reaction of N-(2-bromophenyl)-4-methyl-N-(perfluoropyridin-4-
yl)benzenesulfonamide with decafluorobiphenyl 
 
The reaction of sulfonyl protected nitrogen nucleophile 356 was next attempted with 
decafluorobiphenyl to try and form the disubstituted biphenyl 367 of interest as a precursor to 
linked carbazole structures. Sodium hydride was used as base in a combination of THF and 
DMF as a solvent at 66 
o
C under N2. After work-up and extraction with diethyl ether, the 
crude product was a sticky material. The proton and fluorine NMR spectra of the crude 
material showed that a mixture had formed. The material was triturated with petroleum ether 
and diethyl ether and afforded a white solid (0.08 g) and washings, which were evaporated on 
a rotary evaporator to give a sticky material (0.19 g). A solid (0.26 g, m.p. 88-94 
o
C) was also 
obtained from the aqueous layer. The analysis of all these materials showed that the mono 
substituted compound 368 had formed with 50% combined overall yield. The proton NMR 
spectrum showed peaks at, 7.70 (1H, d, J=4 Hz), 7.67 (2H, d, J =8 Hz), 7.44 (1H, dd, J =8 , 
1.2 Hz), 7.29 (1H, d, J =8 Hz), 7.24 (1H, d, J =8 Hz), 6.94 (1H, t, J =8 Hz), 2.40 (3H, s). 
There were five fluorine signals for mono-substituted product instead of 2-fluorine peaks as 
expecting in the di-substituted product. The carbon NMR also confirmed that it formed the 
mono-substituted product and showed following peaks, 144.2, 135.8, 134.7, 132.5, 129.6, 
128.5, 127.3, 126.2, 122.5, 115.7, 21.6, (
13
C-
19
F signals were not detected). The accurate 
mass ion was not detected. The reaction was attempted a number of times under different 
conditions, but unfortunately all failed to form the desired disubstituted product 367. The 
mono-substituted product 368 was formed in all attempts.  
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Scheme 137: Attempted reaction of decafluorobiphenyl with bromophenylsulfonamide 356. 
5.10. Reaction of N-(2-bromophenyl)-4-methyl-N-(perfluoro-[1,1'-biphenyl]-4-
yl)benzenesulfonamide with n-butyllithium 
 
The mono-substituted compound 368 was treated with n-butyllithium at -78 
o
C to study 
possible rearrangement by bromine-lithium exchange. After warming the reaction mixture to 
room temperature overnight and aqueous work-up, the material afforded was 0.16 g of a 
sticky semi-solid. The proton NMR spectrum showed signals in the aromatic region for both 
sulfonyl and phenyl ring. The methyl signal of sulfonyl group appeared at 2.34 (3H, s). The 
fluorine NMR spectrum was very weak and there were complicated fluorine signals which 
could not identify. Further investigation was stopped because the reaction with n-BuLi, the 
sulfonylamide might have been lost, as had been observed previously with the 
pentafluorophenyl analogue. This could account for the fluorine NMR spectrum showing 
only weak signals. The infrared spectrum also showed a broad peak at 3337, which might 
represent an NH group. The reaction failed to give either the cyclisation product 370 or the 
rearranged product 369 under these conditions. 
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Scheme 138: Attempted cyclisation of N-(2-bromophenyl)-4-methyl-N-(perfluoro-[1,1'-
biphenyl]-4-yl)benzenesulfonamide 
Also decided to try the sulfonyl protecting group with aniline to study how its reactivity 
would differ from bromoaniline, and allow possible cyclisation with a non-nucleophilic base 
such as lithium diisopropyl amide (LDA). The proposed reaction scheme is shown below. 
 
Scheme 139: Proposed reaction scheme of the sulfonyl protected fluorinated aniline 
compound 
5.11. Synthesis of 4-methyl-N-phenylbenzenesulfonamide 
To synthesise a precursor suitable for adding to the fluorinated substrates treated aniline with 
p-toluenesulfonyl chloride at room temperature in pyridine. The solid afforded after 
extraction was formed in 92% yield, and had melting point 101-105 
o
C. The desired 
compound 372 was analysed by various spectroscopic methods. The 
1
H NMR, IR, GC-MS 
and HRMS all fitted the desired compound 372. The compound 372 was treated with 
pentafluoropyridine to synthesise the fluorinated precursor for cyclisation. 
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Scheme 140:  Reaction of aniline with p-toluenesulfonyl chloride. 
5.12. Synthesis of 4-methyl-N-(perfluoropyridin-4-yl)-N-
phenylbenzenesulfonamide 
The fluorinated compound was synthesised by following the same procedure described 
earlier for 356 and pentafluoropyridine. The base used was sodium hydride and the reaction 
was conducted in THF and DMF mixture. A solid was afforded on the addition of H2O, 
which was analysed by 
1
H and 
19
F NMR spectroscopy. The proton spectrum fitted the desired 
compound and the fluorine showed two fluorine multiplets for four fluorine atoms expected 
in the target compound. These fluorine signals appeared at δF (CDCl3, 376 MHz) 73.88-73.72 
(2F, m), and 18.93-18.76 (2F, m). Both fluorine signals were sharp compared to the 
compound 356 which showed one sharp and one broad signal in its fluorine spectrum. 
 
Scheme 140: Synthesis of 4-methyl-N-(perfluoropyridin-4-yl)-N-phenylbenzenesulfonamide. 
 
5.13. Attempted cyclisation of the 4-methyl-N-(perfluoropyridin-4-yl)-N-
phenylbenzenesulfonamide with LDA 
The cyclisation step was to study if LDA would deprotonate at the ortho-position and effect 
either cyclisation or rearrangement of 4-methyl-N-(perfluoropyridin-4-yl)-N-
phenylbenzenesulfonamide. The reaction was conducted at -78 
o
C and then warmed to room 
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temperature overnight. The material afforded after suction filtration was a solid and analysed 
by 
1
H and 
19
F NMR spectroscopy. The fluorine NMR spectrum showed two fluorine signals 
compared to the three signals required for the target compound 374. The proton NMR 
spectrum was also the same as starting material. These results showed that the reaction was 
unsuccessful and starting material 373 was recovered. 
 
Scheme 141: Attempted cyclisation of the compound 373 with LDA. 
The cyclisation of the compound 373 was also attempted with n-butyllithium at -78 
o
C. The 
material afforded after extraction and purified by column chromatography was analysed 
through 
1
H and 
19
F NMR spectroscopy. The main fraction showed three fluorine signals and 
a butyl group in the proton NMR spectrum. These results indicated that the butyl group had 
added to C-2 instead of inducing cyclisation to give the desired compound 374. 
 
Scheme 142: Attempted reaction of the compound 374 with n-butyllithium. 
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Further investigation with the sulfonyl protected aniline compound was stopped because of 
the unsuccessful reactions to synthesise the desired compound 374. 
The investigation to find a suitable protecting group for aniline and 2-bromoaniline to allow 
introduction of amino groups with potential for ring fusion reactions with perfluoroarenes 
continued. The results suggested that the toluenesulfonyl protecting group, was not ideal due 
to its bulk, and its leaving group ability, as it appeared that n-butyllithium could attack ipso 
and remove the sulfonamide group just added. Thus other protecting groups for this type of 
chemistry were sought. 
The diethyl carbamoyl chloride protecting group was therefore investigated to protect the 
nitrogen in aniline (Scheme 143) to form a nucleophile 376 which it was hoping to react with 
pentafluoropyridine to give 377, another substrate for potential rearrangement or cyclisation 
reactions initiated by ortho-lithiation. The proposed reaction pathway is shown in scheme 
143. 
 
Scheme 143: Proposed reaction scheme with diethyl carbamoyl chloride. 
5.14. Reaction of aniline with diethyl carbamoyl chloride 
 
The aim of the reaction was to protect the aniline nucleophile with diethyl carbamoyl 
chloride. The first attempt was made in CH2Cl2 at 0 
o
C, with triethylamine as base. The crude 
material isolated was triturated with diethyl ether and afforded a solid with melting point 132-
145 
o
C. In the GC-MS the peak appeared at 135.1 which could be due to the starting diethyl 
carbamoyl chloride. The diethyl ether washings were evaporated and after a small column 
two fractions were obtained; one showed a peak at 212.2 and the other at 191.2 in GC-MS. 
The latter corresponded to the desired product 376. The results supported the target 
compound but other impurities formed and the compound could not be obtained pure. The 
reaction was therefore tried in dry dioxane at RT under N2. A solid was afforded after 
recrystallization with melting point 82-95 
o
C. The proton NMR spectrum showed both 
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aliphatic and aromatic signals but suggested the product was still a mixture. A signal at m/z 
212 indicated that the urea 378 had been formed. We could not obtain the target compound 
376 cleanly. 
 
Scheme 144: Attempted reaction of aniline with diethyl carbamoyl chloride. 
To overcome this problem it was decided to try reaction with pivaloyl chloride as another 
nitrogen protecting group.  The proposed reaction scheme is as follows. 
 
Scheme 145: Proposed reaction scheme with N-phenyl pivalamide. 
5.15. Reaction of aniline with pivaloyl chloride 
The reaction was performed in the presence of triethylamine as base and ethyl acetate was 
used as a solvent. A white solid was afforded with melting point 130-133 
o
C which matched 
the literature value of 131-133 
o
C.
160
 The experimental data was in agreement with the 
required results. The reaction was successful and formed the desired compound 380 which 
could be used in the next step with pentafluoropyridine. 
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5.16. Reaction of pentafluoropyridine with N-phenylpivalamide 
The reaction was designed to synthesise a fluorinated precursor for potential intramolecular 
SNAr reaction. The reaction was attempted with NaH in THF at RT. The solid afforded was 
analysed by 
1
H and 
19
F NMR spectroscopy.  There was no fluorine signal in the 
19
F NMR 
spectrum and the melting point was the same as that of the starting material (127-131 
o
C). 
These results indicated that the reaction was unsuccessful under these conditions. The 
conditions were changed and DMF was used as solvent at 80 
o
C in the presence of sodium 
hydride as a base. The solid afforded was, only (0.09 g), melting point 150-152 
o
C and 
showed two fluorine signals required for the target compound 381 at 𝛿F 72.42-72.19 (2F, m) 
and 16.82-16.66 (2F, m). The 
1
H NMR gave peaks in the aromatic region with one doublet 
and two triplets required for the desired compound 381 and a singlet in the aliphatic region 
for 9H. The 
1
H NMR also fitted the desired compound 381. The accurate mass showed a peak 
at 325.0973, which corresponds to C16H13F4N2O. The analyses obtained so far confirmed that 
the desired compound 381 had been synthesised. Metallation to form the target cyclised 
compound 383 could not be attempted in the time available because of the low yield and 
difficulty associated with making and purifying the precursor 381. 
 
Scheme 146: Synthesis of N-(perfluoropyridin-4-yl)-N-phenylpivalamide and potential 
rearrange and cyclise compound. 
5.17. Reaction of the dianion of N-phenylpivalamide with 
pentafluoropyridine 
The idea here was to attempt to doubly deprotonate N-phenyl pivalamide 380 and to study the 
behaviour of the dianion towards pentafluoropyridine to see if SNAr reaction would occur 
with the formation of cyclic products such as 383. It was of interest to see if the carbanion or 
the amide anion would attack C-4 of the pentafluoropyridine first. The reaction was 
conducted in TMEDA at -20 
o
C and then warmed to RT. The crude material was afforded 
after aqueous work-up and extraction with DCM. The 
1
H and 
19
F NMR spectra of the crude 
material were complicated. Flash column chromatography was conducted to try to purify the 
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product. The main fraction was identified by GC-MS as starting material 380 with a signal at 
m/z 177.2. The target compound 383 was formed only in a small amount with three fluorine 
signals and a proton NMR spectrum showing both aromatic signals and a signal for the t-
butyl group at 1.30 (9H, s). The accurate mass measurement indicated a peak at 307.1053 
which corresponds to C16H14F3N2O (MH
+
) for the indolopyridine 383. The results indicated 
that the reaction worked under these conditions but in very low yield. The orientation of the 
ring fusion in compound 383 is however not yet confirmed. 
 
Scheme 147: Formation of the dianion from n-butyllithium and reaction with 
pentafluopyridine. 
5.18. Formation of dianion from bromoaniline and attempted reaction of N-(2-
bromophenyl)pivalamide with pentafluoropyridine  
After the initial success in forming compound 383. it was decided to try to improve the yield 
to allow full characterisation of this product, and study the reaction with more reactive 2-
bromophenyl pivalamide 385, easily prepared by reaction of 2-bromoaniline with pivaloyl 
chloride in 47% yield with melting point 62-64 
o
C. The reaction of 385 with n-butyllithium 
was then conducted at -78 
o
C instead of -20 
o
C as in the previous case. The solvent used was 
a mixture of THF and TMEDA and the reaction was stirred overnight at room temperature. 
It was hoped the dianion of 385 would be generated which may add to pentafluoropyridine to 
form 383 by initial attack of the carbanion of C-4 of the pyridine ring. The fluorinated 
compound was added after half an hour and the mixture stirred at RT overnight. The crude 
product was an oil, which was purified by flash column chromatography. The major fraction 
collected was a solid (0.20 g) melting point 130-133 
o
C. The proton NMR spectra showed 
five protons in the aromatic region and a singlet at 6.43 for N-H and t-butyl signal at 1.32 for 
nine protons. The fluorine spectrum showed two main fluorine signals at 73.88-73.71 (2F,m) 
and 12.63-12.46 (2F,m) plus some minor impurities. These results showed that the rearranged 
product 382 was formed with two fluorine signals for four fluorine atoms instead of three 
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fluorine atoms for the desired cyclised compound 383. The cyclization step to form 383 with 
sodium hydride in DMF could not be carried due to the low yield and shortage of time. These 
results however suggest that the tricyclic product obtained previously was the indolo[2,3-
c]pyridine (as drawn above in Scheme 147). 
 
Scheme 148: Reaction of dilithiated N-(2-bromophenyl)pivalamide with pentafluoropyridine. 
 
5.19. Stepwise addition of 2-bromophenyl pivalamide to 
pentafluoropyridine 
Due to the low yield of 383 an alternative method to effect this transformation was sought. It 
was thought that the corresponding 2-bromophenyl pivalamide might add more easily to 
pentafluoropyridine forming 386 which could then be lithiated to induce cyclisation or 
rearrangement. The proposed reaction scheme is shown below. 
 
Scheme 149: Proposed reaction scheme. 
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5.20. Attempted reaction of N-(2-bromophenyl)pivalamide with 
pentafluoropyridine 
After successful synthesis of the N-(2-bromophenyl)pivalamide 385 from 2-bromoaniline and 
pivaloyl chloride, the next step was to treat 385 with  pentafluoropyridine to make the novel 
fluorinated precursor 386 through nucleophilic aromatic substitution reaction. The reaction 
was attempted in a mixture of THF and DMF with sodium hydride as base at 70 
o
C for 2 h 
and overnight at RT. The spectroscopic analysis of the crude material identified four fluorine 
signals in the 
19
F NMR spectrum compared to the two fluorines required for the desired 
compound 386. These fluorine signals are in 1:1 ratio. The proton NMR showed signals for 
both starting material and potential product. The TLC showed that it was mixture of two 
compounds. These spots were very close to each other and even flash column 
chromatography could not manage to separate them. The proton NMR spectra of different 
fractions were the same as those of the crude material. The investigation was stopped because 
of the complicated product formed. The desired product 386 could not be prepared under 
these reaction conditions. 
 
Scheme 150: Attempted reaction of pentafluoropyridine with N-(2-bromophenyl)pivalamide 
Further investigation with this protecting group also stopped and attempts to find alternative 
methods were next studied.  
5.21. Synthesis of 2-bromo-4-pentylaniline from 4-pentylanaline 
 
The fluorinated compounds synthesised earlier with aniline and bromoaniline had low 
solubility. They were not soluble in common organic solvents and the NMR spectra were not 
always clear. Further processing and reactions were thus hampered. Therefore, it was decided 
to use a long alkyl chain substituted aniline that would increase the solubility, and attempt 
bromination, and cyclisation through lithium-bromine exchange. The first reaction explored 
was to brominate 4-pentylaniline with copper (II) bromide.
161
 The reaction was conducted in 
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dry acetonitrile at RT for one hour. The spectroscopic analyses confirmed that it was 
successful with the infrared spectrum showing a peak for NH group at 3470. The proton 
NMR indicated the long alkyl chain showing signals at 2.40-2.33 (2H, m), 1.48-1.41 (2H, m), 
1.25-1.17 (4H, m), 0.79 (3 H, t, J=6.8 Hz). The aromatic signals for the benzene ring 
appeared in the spectrum at 7.13(1H, s), 6.83 (2H, d, J=7 Hz), 6.60 (2H, bs). The GC-MS 
peak appeared at 242.1 which corresponds to the formula C11H16
79
BrN. The di-brominated 
compound 389 was obtained when 4 equivalents were used and was confirmed by GC-MS 
which showed a peak at m/z 321. 
 
Scheme 151: Synthesis of 2-bromo-4-pentylaniline. 
5.22. Attempted reaction of 2-bromo-4-pentylaniline with ethyl formate 
 
To protect the bromoaniline derivative 388 and activate the NH to allow addition to a 
fluoroarene the reaction of long chain aniline compound 387 with ethyl formate was studied 
to try to form 391. The fluorinated adduct 392 could then be rearranged and cyclized to give 
the novel fluorinated indolopyridine derivative 395. The proposed reaction scheme is shown 
below. 
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Scheme 152: Proposed chemical reactions of fluorinated compounds. 
 
The intention was to generate 392, lithiation of which could lead to cyclisation product 395 or 
rearranged product 394. The second step was thus to add ethyl formate to the long chain 
brominated aniline forming formamide 391. The reaction was attempted in THF at RT 
overnight. There was no change in the spectroscopic data which was the same as starting 
material. The reaction was repeated at 50 
o
C in THF overnight, again the results showed that 
it was starting material with GC-MS detecting a peak at m/z 241.2, which corresponds to the 
starting material. These results showed that it seems difficult to formylate the brominated 
aniline 391. Further investigation was stopped with this idea due to lack of time. 
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Scheme 153: Attempted reaction of bromoaniline with ethyl formate. 
5.23. Synthesis of N-(2-bromo-4-pentylphenyl)-4-methylbenzenesulfonamide 
It was then decided to protect the pentyl bromoaniline with the p-toluenesulfonyl group.  This 
had been used before with success with aniline derivatives. In the first step 2-bromo-4-
pentylaniline 388 was treated with p-toluenesulfonyl chloride 355 in pyridine. The successful 
reaction would allow reaction with pentafluoropyridine to give novel fluorinated pyridine 
397. The rearrangement or cyclisation process could then be studied with more soluble 
derivatives to form compounds such as 398 and 399. 
 
Scheme 154: Proposed reactions with p-toluenesulfonamide 396 and pentafluoropyridine. 
In order to synthesise long chain N-protecting sulfonyl compound the reaction was conducted 
in pyridine at RT. The product afforded was a sticky solid. The TLC showed several 
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impurities which were removed by running a short column eluting with 7:3 and 1:1 petroleum 
ether and diethyl ether. The proton NMR spectrum showed peaks in both aromatic and 
aliphatic region fitting the desired compound 396. The accurate mass measurement was 
found at 396.0618 which correspond to C18H23
79
BrNO2S. The other spectroscopic evidence 
also supported that the desired compound 396 had successfully been formed. 
 
Scheme 155: Reaction of long chain bromoaniline with p-toluene sulfonyl chloride. 
Further investigation with this compound 396 and its reaction with fluoroarenes could not 
however be carried out because of the limited time.  
5.24. Synthesis of N-(2-bromophenyl)-2,3,5,6-tetrafluoropyridin-4-amine 
 
Direct reaction of 2-bromoaniline with pentafluoropyridine was next studied as Sandford had 
shown anilines to be nucleophilic enough to effect SNAr reaction at the 4-position
163 
without 
need to form an anion. Our reaction proved to be successful with 2-bromoaniline at 120 
o
C in 
DMSO as solvent. The compound formed with pentafluoropyridine was purified by column 
chromatography. The proton NMR spectrum showed two doublets and two triplets for four 
aromatic protons and a singlet for the NH group at 4.04 ppm. There were two multiplets for 
four fluorine signals in the fluorine NMR spectrum and the carbon NMR exhibited peaks at 
𝛿C  109.4, 115.9, 119.5, 128.5, 132.4, 144.2, 145.5 (t, J =16.3 Hz), 143.1(t, J =16.2 Hz), 133.0 
(dd, J=252 , 36 Hz), 133.6 (t, J=5.7 Hz) showing multiplet signals for carbons coupling to 
fluorine. The target compound 400 was also confirmed by infrared spectroscopy and accurate 
mass measurement. The accurate mass measurement gave m/z 318.9499 for C11H4BrF4N2. 
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The infrared spectrum showed a NH peak at 3385. These results confirmed that the target 
compound 400 successfully synthesised with 76% yield. 
 
Scheme 156: Synthesis of N-(2-bromophenyl)-2,3,5,6-tetrafluoropyridin-4-amine. 
5.25. Attempted reaction of N-(2-bromophenyl)-2,3,5,6-tetrafluoropyridin-
4-amine with benzyl bromide 
 
The successful synthesis of N-(2-bromophenyl)-2,3,5,6-tetrafluoropyridin-4-amine in the first 
step prompted to treat this compound 400 with benzyl bromide. The reason to add benzyl 
bromide was to protect the amine formed. Protection of the amine was necessary for the 
intended reaction with n-butyllithium for bromine-lithium exchange. The targeted cyclised 
compound 403 is shown in scheme 157. 
 
Scheme 157: Proposed cyclisation reaction. 
To add benzyl bromide onto fluorinated amine sodium hydride was used as base and the 
reaction was conducted at RT overnight under N2. The material afforded was triturated with 
EtOH to give a solid product and washings. The proton and fluorine NMR spectrum showed 
that the desired compound 402 had been formed. The accurate mass showed a peak at 
411.0111 corresponding to C18H12
79
BrF4N2. These results demonstrate that the desired 
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compound 402 was synthesised and characterized successfully. Unfortunately the target 
cyclized compound 403 could not be synthesised due to the limited time. 
 
Scheme 158: Reaction of N-(2-bromophenyl)-2, 3, 5, 6-tetrafluoropyridin-4-amine with 
benzyl bromide. 
5.26. Synthesis of N-(2-bromobenzyl)-2, 3, 5, 6-tetrafluoropyridin-4-amine 
from 2-bromobenzyl amine  
 
The purpose of the synthesis of amine 404 (scheme 159) was to make the linker chain longer 
to study possible cyclisation or rearrangement reactions under radical or Grignard conditions. 
These nitrogen containing derivatives were also sent for determination of possible anti-cancer 
activity. The proposed cyclized compound 405 is shown below. 
 
Scheme 159: Proposed reaction scheme. 
The reaction was carried out in dry DMSO at RT. The product 404 was afforded as a white 
solid with melting point 77-80 
o
C. The yield was very high at 95%. All the data including 
1
H, 
13
C and 
19
F NMR spectra confirmed that the reaction was successful under these conditions. 
The accurate mass spectrum showed signals at 334.9803 and 336.9780 which correspond to 
C12H7BrF4N2H showing the two bromine isotopes in the desired compound 404. 
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5.27. Attempted cyclization or rearrangement of N-(2-bromobenzyl)-2, 3, 5, 
6-tetrafluoropyridin-4-amine by Grignard formation 
 
To study the behaviour of the benzylamine derivative 404 towards magnesium metal with the 
hope of promoting cyclisation or rearrangement via an intramolecular Grignard reaction the 
reaction shown in scheme 156 was conducted. Heating compound 404 with magnesium in 
THF with a catalytic quantity of iodine as initiator afforded, after work-up, a white crystalline 
solid, (0.15 g), which was analysed spectroscopically. The proton and fluorine NMR spectra 
showed that the solid was unchanged starting material and that the desired compound 405 had 
not formed by Grignard reaction. 
 
Scheme 156: Attempted cyclization of the N-(2-bromobenzyl)-2,3,5,6-tetrafluoropyridin-4-
amine via a Grignard reagent. 
5.28. Synthesis of 2,3,5,6-tetrafluoro-N1, N4-diphenylbenzene-1,4-diamine 
 
The successful formation of fluoropyridine derivatives with aniline precursors encouraged us 
to expand this kind of chemistry with other fluorinated arenes. The reaction of aniline with 
hexafluorobenzene was first conducted in DMF at 70 
o
C in the presence of sodium hydride as 
a base. A brown coloured solid was afforded in 55%. The spectroscopic data supported the 
desired compound 407 with a single fluorine signal at 15.0 (4F, s), which confirmed that di-
substitution had occurred. The accurate mass measurement showed a peak at 332.0896, 
which corresponds to the expected formula C18H12F4N2. These results confirmed that the 
desired compound had been synthesised successfully. In order to improve the yield the 
reaction was also investigated in DMSO at 120 
o
C.
 
The proton NMR spectrum fitted the 
desired compound. The fluorine NMR spectrum however displayed a peak for the 
disubstituted compound and also signals for a minor product formed which could be mono-
substituted compound with three fluorine signals. The product was purified by flash column 
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chromatography and preparative TLC. The infrared spectrum exhibited a broad NH peak at 
3395, also confirming the desired compound was formed successfully. The reaction seemed 
to work reasonably well in DMF, although the yield was moderate, compared to DMSO, 
where side products were formed. The product formed could be used in future ring forming 
reactions to generate polycyclic systems, as shown below. 
 
Scheme 161: General reaction scheme of the fluorinated compounds with aniline and 
bromoaniline. 
5.29. Synthesis of 2,2',3,3',5,5',6,6'-octafluoro-N4,N4'-diphenyl-[1,1'-
biphenyl]-4,4'-diamine 
 
The desired compound 410 was prepared by similar methodology using decafluorobiphenyl 
and could be used as precursor in future ring forming reactions with metals. The desired 
compound 410 was confirmed by accurate mass and identified a peak at 479.0816 which 
corresponds to C24H11F8N2. The proton, fluorine and infrared also fitted the desired 
compound 410. Future work within group will be carried out on ring forming reactions with 
metals. 
5.30. Synthesis of fluorinated phenylaminopyridine derivatives from 
pentafluoropyridine for biological screening 
 
As a further extension of this project, and due to a recent collaboration, phenylaminopyridine 
derivatives were required for screening as part of a medicinal chemistry project. The required 
fluorinated aniline derivative was synthesised following the procedure reported by 
Sandford.
163 
The yield obtained was 53% which was higher than reported in the literature. 
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The melting point was 87-90 
o
C (literature value:
163
 87 
o
C). The desired compound was also 
confirmed by other spectroscopic techniques e.g. proton and fluorine NMR, and infrared 
spectroscopy. The compound 413 was used as precursor in the synthesis of a small library of 
fluorinated aromatic compounds undergoing screening for anticancer activity. A second 
nitrogen based substituent was added at the 2-position of the pyridine to create a series of 
scaffold molecules which could be tested for activity and then modified further to create more 
drug like compounds. 
 
Scheme 162: Synthesis of 2,3,5,6-tetrafluoro-N-phenylpyridin-4-amine from 
pentafluoropyridine. 
5.31. Synthesis of 3-((3,5,6-trifluoro-4-(phenylamino)pyridin-2-
yl)amino)propane-1,2-diol from 3-amino-1,2-propanediol  
 
The first reaction was conducted with a compound with a water soluble chain at the ortho 
position to improve drug properties. The compound 415 was sent to our collaborators for 
initial screening against a cancer cell line. The water soluble chain used in this case was 3-
amino-1,2-propanediol. The reaction was performed in DMF and desired product was 
obtained in 80% yield. The desired compound was characterised through different 
spectroscopic techniques. The proton NMR identified the OH and CH2 peaks in aliphatic 
region. The addition was further supported by fluorine NMR spectroscopy, 𝛿F 66.04 (1F, t, J 
=22.56 Hz), 5.70 (1F, d, J=26.32 Hz), (-22.56) (1F, d, J=22.56), as three fluorine signals 
were expected compared to the starting material with two signals, confirming that the chain 
added to the C-2 position.  The carbon NMR signals also fitted the desired compound. The 
accurate mass measurement showed a peak at 313.1068 corresponds to C14H14F3N3O2 also 
confirming the desired compound. A by-product 416 (19%) was formed where DMF 
decomposed and the liberated dimethylamine added instead at the C-2 position. There were 
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three fluorine signals but these had different chemical shift to the desired compound 415. The 
GC-MS detected a peak at 267.2 and the proton NMR showed two methyl peaks in the 
aliphatic region. The accurate mass measurement confirmed a peak at 268.1053, which 
corresponds to C13H13F3N3. The reaction was successful to form desired compound 415 under 
these conditions with 80% yield.  
5.32. Synthesis of 2,3,5-trifluoro-6-morpholino-N-phenylpyridin-4-amine 
 
After the successful synthesis of the pyridine compound with the water-soluble chain, it was 
decided to study the reaction with morpholine as an alternative amine nucleophile. The 
pyridine derivative 413 was treated with morpholine in DMF. The reaction was conducted at 
80 
o
C for a period of 48 h. The solid afforded after evaporation and trituration with cold 
ethanol was analysed by various spectroscopic techniques. The proton NMR spectrum 
showed the expected aromatic signals and 8 protons of the morpholine ring in the aliphatic 
region. The fluorine NMR also supported the target compound by showing only three 
fluorines which indicate that the morpholine attaches at C-2 position. Further evidence was 
provided by the carbon spectrum, which showed peaks that matched the desired compound 
417. The accurate mass results confirmed the desired compound 417.  
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Scheme 163: Synthesis of potentially biologically active compounds. 
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5.33. Synthesis of 2, 3, 5-trifluoro-6-(1H-imidazol-1-yl)-N-phenylpyridin-4-
amine 
Various drugs contain the imidazole ring, for example antifungal drugs, nitroimidazole and 
the sedative midazolam. The imidazole ring system is an important biological building block, 
and therefore study of the addition of imidazole to the pyridine core 413 was undertaken. The 
reaction was attempted at 80 
o
C for 48 h in DMF. The results showed that it did not form the 
desired compound and starting material was recovered. The reaction was repeated in THF but 
the TLC showed that after 24 h there was still starting material 413. It appeared not easy to 
add imidazole at the C-2 position compared to the first two aliphatic amines used. At this 
point it was decided to add one equivalent of sodium hydride to form a more nucleophilic 
imidazolide anion. Next day the TLC showed no change in spots. The mixture was heated at 
70 
o
C for a prolonged period (5 days). After initial work-up and trituration with cold ethanol, 
a solid was afforded (0.02 g) with 17% yield. The spectroscopic analysis indicated that 
desired compound 419 was formed. The proton NMR showed three singlets for three protons 
of imidazole and one doublet and two triplets for the aniline ring protons. The fluorine NMR 
gave three different fluorine signals at, 73.12 (1F, t, J =24.44 Hz), 16.79 (1F, d, J =24.86 Hz), 
9.87 (1F, dd, J =24.81 and 7.52 Hz). These signals indicated that the group added at the C-2 
position and showed three fluorine signals as expected for the target compound 419. The GC-
MS gave a peak at m/z 290.1 while the formula was also confirmed by the accurate mass 
measurement with a signal at m/z 291.0848 in agreement with theoretical value of 291.0852 
expected for C14H10N4F3. All these analyses confirmed the target compound 419 formed 
successfully. Also identified the di-substituted product with one fluorine signal at 19.5 (s). 
Some starting material was recovered with two fluorine signals at around 69 and 6, both 
multiplets. These results showed that the desired compound 419 was formed with low yield. 
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5.34. Synthesis of 2,6-bis(1H-benzo[d]imidazol-1-yl)-3,5-difluoro-N-
phenylpyridin-4-amine 
A fourth pyridine drug scaffold was also then prepared by reaction of 413 with 
benzimidazole. The reaction was first attempted in DMF. The starting material was recovered 
unchanged. The reaction was repeated in THF at RT but was unsuccessful again, and TLC 
showed starting material. Addition of 1-equivalent of sodium hydride and heating the mixture 
at 70 
o
C for a prolonged period (5 days) did however lead to product formation. A solid was 
afforded after trituration and identified as the 2,6-disubstituted compound 420. The 
spectroscopic data confirmed that addition took place at both the 2- and 6-positions. The 
accurate mass gave a signal at 438.1395 which corresponds to the expected 438.1399 for the 
compound C25H16F2N6. A single fluorine signal appeared at 26.0 (2F, s) indicating 2, 6-
disubstitution. The melting point of the di-substituted compound was 138 
o
C. These results 
confirmed that the di-substituted product was formed as the main compound and the mono-
substituted compound as a minor product. The di-substituted compound was separated and 
analysed successfully. The four 2,4-disubstituted pyridines were sent for screening against 
several cancer cell lines. The results of the screening were however not available at the time 
of writing. 
5.35. Other types of ring forming reactions 
So far ring forming reactions of sulfur, oxygen and nitrogen linked fluoroarenes had been 
investigated through lithium-bromine exchange, with the aim of forming fused five 
membered rings involving C-C bond formation. The next study was with bis-nucleophiles 
bearing two heteroatom groups which could form a fused six-membered ring as shown in 
general form in Scheme 164.  
 
Scheme 164: General reaction scheme 
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5.36. Reaction of pentafluoropyridine with benzoin 
 
Knowing that phenolate anions added readily to pentafluoropyridine and other 
perfluoroarenes, wished to study reactions of related enolates, and investigated the reaction of 
the dianion of benzoin with pentafluoropyridine hoping to form 428 as outlined 
mechanistically in Scheme 165. It was hoped the dianion of benzoin would act as a potential 
bis nucleophile to add to pentafluoropyridine by effecting two consecutive SNAr reactions. 
The reaction of pentafluoropyridine with benzoin in the presence of NaH in dry DMF at 100 
°C was studied. After heating for 3 h a solid was isolated. (Scheme 166). 
 
5.37. Proposed mechanism of the reaction of pentafluoropyridine with 
benzoin 
 
Scheme 165: Mechanism of the reaction of pentafluropyridine with benzoin. 
 
The material was however obtained only in low yield. The melting point of the material was 
110-120 °C. The mass spectrum showed a peak at 345 different to the expected mass 341 of 
the target compound (C19H10F3NO2) 428.
 
The proton NMR spectrum was not clear, and the 
fluorine NMR spectrum was very weak and showed two fluorine signals, one a singlet and 
the other a multiplet instead of the three signals expected. The infrared spectrum gave only 
two values at 3584 and 1714 and did not fit with the target compound. On the basis of above 
results, the desired compound 428 could not confirm successful. 
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Scheme 166: Attempted reaction of pentafluoropyridine with benzoin. 
5.38. Reaction of hexafluorobenzene with benzoin 
 
A similar reaction between hexafluorobenzene and benzoin was studied with the hope of 
forming 429. Compounds of type 429 were of interest as potential organoelectronic materials. 
The reaction of benzoin with hexafluorobenzene was conducted in the presence of sodium 
hydride and in dry DMF at 100 
o
C for 4 h. (Scheme 167) 
 
 
 
Scheme 167: Reaction of hexafluorobenzene with benzoin. 
 
An unidentified solid was obtained after work-up. The melting point of the unidentified 
compound was 215 °C higher than the starting material benzoin 135-137 °C. The experiment 
was repeated to improve the yield. The same solid was obtained melting at 215 °C. The 
proton NMR showed peaks in the aromatic region 8.12-7.29 with some impurities. The mass 
spectrum showed a signal at 537.39, inconsistent with the required mass of the compound, 
C34H20F2O4 of 530.1324. GC-MS gave a mass value of 358. These results showed that the 
desired compound 429 was not formed and the solid product remains unidentified. The m/z 
values of 537 and 538 could not be identified. 
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5.39. Attempted reaction of hexachlorobenzene with benzoin 
Instead of hexafluorobenzene and pentafluoropyridine as substrate, it was decided to try 
cheaper hexachlorobenzene. The aim was to react with benzoin to form the bicyclic 
compound 432. Reaction of hexachlorobenzene with benzoin in the presence of sodium 
hydride in THF gave an oily material in low yield. The proton NMR spectrum did not show 
any aromatic peaks. GC-MS gave a signal at m/z 283, whereas the expected mass was 424.10. 
The experiment was also attempted in dry DMF. The proton NMR spectrum showed aromatic 
peaks in the range 8.64-8.60 (2H, m), 8.17-8.14 (2H, m), 8.05-8.01 (2H, m), 7.98-7.95 (2H, 
m) 7.43-7.41 (2H, m). The melting point of the product was 186 °C. The GC-MS showed a 
signal at m/z 149. These results showed that the synthesis of the target compound was not 
successful either in DMF or THF.  
 
 
 
Scheme 168: Attempted reaction of hexachlorobenzene with benzoin. 
5.40. Reaction of pentafluoropyridine with catechol 
The present study was to investigate the behaviour of difunctional catechol nucleophile 
towards pentafluoropyridine. Sandford had shown catechol reacts with tetrafluoropyridazine 
to form a tricyclic product.
112
 The proposed reaction scheme to form the cyclised compound 
434 is shown below. 
 
Scheme 169: Proposed reaction scheme. 
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When 2 equivalents of pentafluoropyridine were treated with catechol in the presence of 
sodium hydride as base, the product formed was the bis ether 435 in 85% yield. The product 
was characterised through various spectroscopic techniques. The proton NMR showed two 
multiplets for four protons that fitted the disubstituted product. There were two different 
multiples for four fluorine atoms. The accurate mass measurement supported the product with 
m/z at 407.0073 for C16H3F8N2O2. The GC-MS also showed a peak at m/z 408.1 which 
corresponds to the compound 435. These results confirmed that instead of the target tricycle 
434, it formed di-substituted compound 435. 
 
Scheme 170: Reaction of pentafluoropyridine with catechol. 
5.41. Reaction of catechol with benzyl bromide 
To avoid the formation of disubstitution compound with catechol, it was decided to protect 
the catechol with benzyl bromide first so that the addition can only take place through one 
oxygen atom. The reaction of catechol with benzyl bromide in the presence of acetone and 
sodium carbonate gave compound 2-(benzyloxy)phenol. (Scheme 171) The target compound 
437 was however only formed in 19% yield. To confirmed the presence of the desired 
compound 
1
H NMR showed peaks at 5.59 (1H, s), 4.97 (2H, s) and aromatic peaks were in 
the region 7.29-7.04 (5H, m) and 6.86-6.62 (4H, m). The infrared spectrum also confirmed 
the desired compound. These results confirmed that the target compound 437 was 
successfully formed and could be used with pentafluoropyridine in next step.  
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Scheme 171: Reaction of catechol with benzyl bromide. 
 
5.42. Attempted reaction of pentafluoropyridine with 2-(benzyloxy)phenol 
 
The compound 437 was treated with pentafluoropyridine in the presence of dry THF and 
sodium hydride at room temperature through nucleophilic substitution reaction. The material 
obtained after extraction gave a sticky substance. (Scheme 172) The compound was purified 
by flash column chromatography. The infrared spectrum gave no OH signal, confirming that 
the starting material was absent. The proton NMR spectroscopy showed aliphatic proton 
peaks in the region 4.92 (2H, s) and protons in the aromatic region 7.40-7.10 and 7.00-6.80. 
The fluorine NMR showed two fluorine signals at 71.59-71.35 (2F, m), 4.69-4.48 (2F, m), 
required for the desired compound 439. The GC-MS showed a peak at m/z 332, compared to 
the expected mass of 344 for C18H11F4NO2. Some results showed that the reaction was 
successful to form desired compound 439. 
  
 
 
Scheme 172: Reaction of pentafluoropyridine with 2-(benzyloxy) phenol. 
5.43. Reaction of pentafluoropyridine with catechol in THF 
The following reaction was conducted in THF instead of DMF and used a 1:1 ratio of 
reactant to add only one side. The base used was sodium hydride and the reaction was reflux 
for 3 h.  The material obtained was a solid (0.41 g, 87%) with melting point of 80 
o
C. The 
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proton NMR showed peaks in the aromatic region 6.96-6.92 (4H, m). The GC-MS detected a 
signal at m/z 239 [M
+
], which agreed with the expected value of the desired compound 434 
(C11H4F3NO2). The experiment was repeated with dry THF at RT. The product obtained was 
a sticky solid. The material was recrystallized from CH₂Cl₂ and hexane and further purified 
by flash column chromatography. The purified material was afforded as a solid with melting 
point of 112 °C. The
 
proton NMR showed peaks in the aromatic region 7.01-6.92 and 
fluorine NMR gave peaks at 72.61 (1F, dd, J=25 and 15 Hz), 71.03 (1F, dd, J=21 and 15 Hz), 
(-1.36) (1F, dd, J=24 and 21 Hz). Some data suggested that the desired compound 434 was 
formed. However, further evidences required for the full characterization of the compound 
434. 
 
 
Scheme 173: Reaction of pentafluoropyridine with catechol. 
5.44. Reaction of hexafluorobenzene with catechol 
The reaction aimed to synthesize a novel fluorinated heterocyclic compound through double 
nucleophilic substitution reaction. The behavior of hexafluorobenzene towards catechol was 
studied by heating the two compounds in dry THF for 3 h. (Scheme 174). 
 
 
 
Scheme 174: Reaction of catechol with hexafluorobenzene. 
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The material afforded was sticky solid, and was recrystallized from DCM and hexane. A 
solid was collected with a melting point at 165 
o
C. The proton NMR gave the aromatic peaks 
in the region 6.82-6.72, which could be more likely four hydrogens of the target compound. 
The GC-MS spectrum gave a peak at m/z 217.1, instead of a peak at m/z 256.1 for target 
compound 440 (C12H4F4O2). The above data suggested that the reaction was unsuccessful. 
Hexachlorobenzene was also treated with catechol by following the same procedure. The 
reaction of catechol with hexachlorobenzene in the presence of NaH and dry DMF gave 
unidentified solid. The melting point of the solid was 180-182 °C. The proton NMR showed 
very weak aromatic signals and the infrared spectrum was not clear to identify the target 
compound 442. These results showed that the reaction was unsuccessful under these 
conditions to give the desired compound 442. 
 
 
 
Scheme 175: Attempted reaction of catechol with hexachlorobenzene. 
5.45. Reaction of pentafluoropyridine with 2-aminothiophenol 
To further develop ring closing SNAr reaction leading to fused heterocycles, the reaction of 
the bis-nucleophilic aminobenzenethiol was investigated with hexafluorobenzene or 
pentafluoropyridine. Sandford had demonstrated related cyclization products.
113 
The reaction 
of pentafluoropyridine with 2-aminothiophenol was expected to give either of the tricycles 
444 or 445 (Scheme 176) on cyclisation. The more likely product would be 444 due to the 
more nucleophilic sulfur attacking at C-4 first giving 443 as an intermediate. The reaction 
was first tried (scheme 177) with no protection on the amino group.  
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Scheme 176: Possible structure of the cyclized compound. 
 
The reaction of pentafluoropyridine with 2-aminothiophenol was carried out in the presence 
of the sodium hydride as base and dry THF. (Scheme 177) A solid (0.92 g, 84%) was 
afforded after extraction with CH2Cl2. The proton NMR showed peaks at 7.52 (1H, d, J=8.4 
Hz), 7.22 (1H, t, J=7.2 Hz), 7.14 (1H, d, J=8 Hz), 6.74-6.69 (2H, m), 4.21 (2H, s), for the 
desired compound 443. The fluorine spectrum gave peaks at 71.24-71.00 (2F, m), 23.84-
23.65 (2F, m) fitted into the desired compound 443.  The compound was also confirmed by 
IR spectrum indicated a peak at 3477 for N-H group and suggesting the product was the 
aminophenyl sulfide 443 instead of the target compound 444 or 445. The m/z value by GC-
MS was 274 [M
+
] and the accurate mass spectrum gave a value at 275.0260 [MH
+
], required 
for C11H6F4N2S at 274.0188. The data suggested that the compound 443 was generated 
instead of the target compounds 444 or 445.  
 
 
 
Scheme 177:  Reaction of pentafluoropyridine with 2-aminothiothiophenol. 
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5.46. Reaction of 2-aminothiophenol with acetic anhydride 
 
The difficulties in handling and purifying the polar compound 443 prompted to investigate 
protection of the amino group. The aim of the next reaction was to prepare N-(2-
mercaptophenyl) acetamide (C8H9NOS) by reacting 2-aminothiophenol with acetic anhydride 
in the presence of sodium borohydride at room temperature. This reaction protected the 
amino group as an amide to give the compound N-(2-mercaptophenyl) acetamide. Sodium 
borohydride was used in the reaction to try to prevent disulfide formation by aerial oxidation. 
However, it did not stop the formation of the disulfide. The disulfide formed however proved 
a convenient source of the aminobenzenethiolate which could be generated in situ in the 
second step in the presence of hexafluorobenzene or pentafluoropyridine to give the desired 
compounds. 
 
 
Scheme 178: Disulfide formation. 
 
Scheme 179: Mechanism of the reaction of 2-aminothiophenol with acetic anhydride. 
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The disulfide was successfully formed and although the yield was low, sufficient material 
could easily be obtained for further reactions. The compound had a melting point of 161°C. 
The proton NMR spectrum showed peaks for two methyl groups at 2.00 (6H, s) and eight 
aromatic hydrogens in the region 8.37 (2H, d, J=8Hz), 7.93 (2H, s), 7.43 (2H, t, J=8Hz), 7.05 
(2H, t, J=8Hz). The infrared spectrum also confirmed the carbonyl and –NH peaks. 
 
 
 
Scheme 180: Reaction of 2-aminothiophenol with acetic anhydride.                                                                                                 
5.47. The reaction of pentafluoropyridine with disulfide 
The reaction aimed to introduce the thiolate by cleavage in situ of the disulfide 451 and by 
nucleophilic substitution reaction with pentafluoropyridine to prepare compound 452. The 
reaction of disulfide with sodium borohydride in DMF for 15 minutes followed by dropwise 
addition of pentafluoropyridine. The mixture was stirred at room temperature for 4 h. A white 
solid compound was afforded in 84% yield with melting point 136-138 
o
C. The desired 
compound was confirmed by different spectroscopic analysis. The proton NMR showed 
peaks at  8.39 (1H, d, J=8 Hz), 8.26 (1H, s), 7.71 (1H, d, J=8 Hz), 7.48 (1H, td, J=8.4 and 1.2 
Hz), 7.13 (1H, t, J =7.6 Hz), 2.27 (3H, s). The fluorine NMR confirmed the fluorine atoms at 
73.31-73.17 (2F, m) and 25.89-25.71 (2F, m) attached to the rings. The carbon NMR 
spectrum showed the peaks at 168.3, 143.5 (dm, J=260 Hz), 141.8 (dm, J=253 Hz), 140.4, 
136.8, 132.3, 129.0 (t, J=18 Hz), 124.9, 121.6, 116.5, 24.7, also confirmed the desired 
compound 452. In the IR spectrum a peak at 1670 cm
-1
 corresponds to the carbonyl group. 
The value of GC-MS obtained at 316 [M
+
], which was the expected value for C13H8F4N2OS. 
The desired compound 452 was also confirmed by accurate mass at 317.0360 for 
C13H9F4N2OS. The purity of the desired compound was confirmed by elemental analysis and 
gave values of carbon 49.09%, required 49.37%, hydrogen 2.55%, required 2.33%, nitrogen 
8.75%, required 8.86%.  The structure of the desired compound 452 was confirmed by X-ray 
crystallography. 
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Scheme 181: Reaction of pentafluoropyridine with disulfide. 
 Proposed mechanism of the reaction of pentafluoropyridine with disulfide 
 
 
 
Scheme 182: Mechanism of the reaction of pentafluoropyridine with disulfide. 
 
The mechanism involves the reductive cleavage of the S-S bond and attack by the thiolate at 
the 4-position of pentafluoropyridine by the normal SNAr process. 
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Figure 23: X-ray structure of the compound 452. 
5.49. Cyclisation of N-(2-((perfluoropyridin-4-yl)thio)phenyl)acetamide 
The compound was then cyclized successfully with sodium hydride in dioxane at 80 
o
C. The 
product was purified by column chromatography and preparative TLC. The spectroscopic 
analysis confirmed a product had formed with three broad fluorine signals and proton NMR 
showed two triplets and multiplets and singlets for the methyl group. The infrared spectrum 
gave a sharp signal for C=O group at 1705 cm
-1
. The carbon spectrum fitted the desired 
compound with 5 weak C-F signals. There was another compound 456 isolated lacking the 
acetyl group. Both compounds were successfully separated through column chromatography 
and preparative TLC. The spectroscopic data confirmed the compound with NH peak in 
proton NMR and a broad peak of NH in infrared spectrum at 3405 cm
-1
. There were three 
fluorine signals for the compound formed. The carbon spectrum also supported the 
compound with signals for 
13
C-
19
F carbons. The yield of the compound 455 was 34% and that 
of the compound 456 was 20%.  The reaction successfully formed the target compound 455 
and the by-product 456 was identified. X-ray structure surprisingly showed that Smiles type 
rearrangement had occurred and led to the fusion shown in 455 instead of the predicted 
product 444 (Scheme 176 previously). 
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Scheme 183: Cyclisation of N-(2-((perfluoropyridin-4-yl)thio)phenyl)acetamide. 
 
 
Scheme 184: Proposed mechanism of the desired compound 455. 
 
Figure 24: X-ray structure of the compound 455. 
5.50. Reaction of hexafluorobenzene with disulfide 
 
The related reaction of hexafluorobenzene with the disulfide was performed in the presence 
of sodium borohydride at room temperature for 3 h. (Scheme 185) Sodium borohydride was 
added to reductively cleave the disulfide to generate the thiolate nucleophile, which it was 
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hoped would affect aromatic nucleophilic substitution. A solid material was obtained from 
the reaction which was recrystallized from ethanol and dried. The material gave a sharp 
melting point at 275-277 °C.  
The proton NMR spectroscopy showed peaks at 7.83 (1H, s), 7.65-6.99 (4H, m), 2.00 (3H, s), 
and 
19
F NMR spectrum gave a single peak at 28.8 consistent with four equivalent fluorines in 
the desired compound 459. The accurate mass of the desired compound 459 was found at 
479.0522, which corresponds to C22H15F4N2O2S2. These results demonstrate that the desired 
compound 459 was synthesized successfully with 41% yield. The cyclisation of the target 
compound 460, could not be carried out due to the limited time. 
 
 
Scheme 185: Reaction of hexafluorobenzene with disulfide. 
5.51. Reaction of ethyl benzoyl acetate with hydroxylamine hydrochloride 
To extend the range of nucleophiles added to perfluoroarenes, it was also decided to study the 
reaction of 463 with pentafluoropyridine. The required precursor was prepared from ethyl 
benzoyl acetate and hydroxylamine hydrochloride in boiling ethanol for 4 h. (Scheme 186) 
The desired compound was successfully prepared in good yield. The melting point was 150-
152 
o
C (literature value 151-153 
o
C).
172
 The proton NMR spectrum showed the hydrogen 
atom at 7.62-7.60 (2H, m), 7.47 (1H, d, J=7.2 Hz), 7.43 (2H, d, J =7.2 Hz), 3.74 (2H, s). On 
the basis of above data, it was confirmed that the desired compound 463 was successfully 
synthesized and treated with pentafluoropyridine in the next step.
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Scheme 186: Reaction of hydroxylamine hydrochloride with ethylbenzoylacetate. 
5.52. Attempted reaction of pentafluoropyridine with 3-phenyl-4H-1,2-
oxazin-6(5H)-one 
The aim of the reaction was to study if the enolate of 463 would add through oxygen or 
carbon through nucleophilic substitution reaction. The reaction of pentafluoropyridine with 3-
phenyl-4-H-1,2-oxazin-6(5H)-one in the presence of THF and stirred the reaction overnight 
at RT. (Scheme 187) Flash column chromatography was run to remove the impurities. The 
proton NMR spectrum showed a number of protons in the aromatic region at 7.51-7.47 (2H, 
m), 7.43-7.37 (3H, m) and 
19
F NMR spectrum showed four different fluorine atoms 
compared to only two in the expected compound 464 or 465. The infrared spectrum showed a 
signal in the carbonyl region at 1648, which could be the carbonyl group present in the target 
compound 464. There was 10% starting material recovered. The above results suggested that 
the reaction was unsuccessful to form compound 464.  
 
 
 
Scheme 187: Attempted reaction of pentafluoropyridine with 3-phenyl-4H-1,2-oxazin-6(5H)-
one. 
5.53. Reaction of pentafluoropyridine with 3-bromo-2-hydroxypyridine 
Since cyclisation of bromophenylethers formed from hexafluorobenzene and 
pentafluoropyridine had successfully led to the formation of fused benzofurans, it was 
decided to study reaction with 3-bromo-2-hydroxypyridine (Scheme 188) in an attempt to 
form 466, which it was hoped, could be cyclized with n-butyllithium to give 467, or which 
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could undergo rearrangement as observed previously for similar systems. The proposed 
structure of cyclized compound is shown below in scheme 188. 
 
Scheme 188: Possible reaction of ether 466 with n-butyllithium to give cyclized 
dipyridofuran 467. 
In order to form the required precursor, the reaction of pentafluoropyridine with 3-bromo-2-
hydroxypyridine and sodium hydride as base was investigated. The reaction was conducted in 
dry DMF at RT. The reaction of pentafluoropyridine with 3-bromo-2-hydroxypyridine gave a 
compound with 98% yield. There were two reaction possibilities, the anion could either 
attach through oxygen or through nitrogen, and it was necessary to determine the structure of 
the product formed. The melting point of the crude material, 119-126 
o
C, was raised to 132-
134 
o
C after recrystallization from ethanol. The proton NMR spectrum gave hydrogen peaks 
at 7.84 (1H, dd, J=7.2, 2 Hz), 7.13 (1H, d, J=6.8 Hz), 6.23 (1H, t, J=7.2 Hz), 
19
F NMR gave 
two fluorine signals at 75.27-75.07 (2F, m) and 18.11-17.94 (2F, m), confirming two pairs of 
fluorine atoms in the same environment, but this could fit for either 466 or 469. The carbon 
NMR spectrum showed signals at 117.6 for C-Br and at 156.3 for C=O suggesting the 
pyridone structure 469. The 
13
C-
19
F signals were detected along with other aromatic carbon 
signals. The signal at 1673 cm
-1
 in the infrared spectrum also suggested structure 469. X-ray 
crystallography finally confirmed the structure to be pyridone 469 with attachement through 
nitrogen as shown in figure 24. The mass of the compound 469 was also confirmed by GC-
MS, which gave a peak at m/z 323 [M
+
]. The purity of the compound 469 was confirmed by 
elemental analysis and gave carbon value at 37.18%, required 37.05%, hydrogen 0.94% 
expected 0.97% and nitrogen at 8.67%, required 8.48%. All these results showed that 
compound 469 was formed. 
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Scheme 189: Reaction of 3-bromo-2-hydroxypyridine with pentafluoropyridine. 
 
 
 
 
 
 
 
 
 
 
 
Figure 25: X-ray structure of the compound 469. 
5.54. Reaction of hexafluorobenzene and 2-mercaptobenzimidazole 
The reaction of 2-mercaptobenzimidazole through sequential SNAr reaction was investigated 
earlier in the group
167 
with pentafluoropyridine, with the aim of forming polycyclic 
compounds such as 475. Mojally however found the reaction generated the doubly 
substituted compound 473 where pentafluoropyridine added both to the sulfur atom and one 
of the nitrogens of the benzimidazole.  
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Scheme 190: Reaction of pentafluoropyridine with 2-mercaptobenzimidazole.
167 
In the present study a similar reaction with hexafluorobenzene was investigated to see if the 
interesting heptacycle 476 could be formed by sequential SNAr reactions. Reaction of 472 
with sodium hydride and hexafluorobenzene in a THF and DMF mixture at RT, and then 
under reflux, was studied. The TLC indicated that a product was formed. The solid isolated 
was insoluble in most solvents so the NMR spectrum was not very clear. The solid was 
recrystallized from trifluoroacetic acid and ethanol. The accurate mass identified a peak at 
407.0229 which corresponds to the expected formula of 476 of C20H8F2N4S2. The elemental 
analysis results were close but not within the required limits to confirm the elemental 
composition. The infrared spectrum was run both in KBr disc and DCM film, vmax /cm
-1
 3414, 
1612, 1508, 1442, 1250, 738. The melting point of the compound formed was 222-224 
o
C. 
The results obtained so far suggested that the desired compound 476 had been formed in 47% 
yield. Further work will however be needed to confirm the structure of the product and obtain 
better NMR spectroscopic data. 
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Scheme 191: Reaction of hexafluorobenzene with 2-mercapyobenzimidazole. 
5.55. Reaction of decafluorobiphenyl with 2-mercaptobenzimidazole 
An investigation of the reaction of 2-mercaptobenzimidazole with decafluorobiphenyl was 
also conducted to see if the linked heterobiaryl 477 could be generated by a similar sequential 
SNAr reaction. The reaction was conducted in a mixture of THF and DMF and sodium 
hydride was used as a base. A solid was afforded after addition of water and isolated by 
suction filtration. The melting point was 197-200 
o
C. The solid was again not very soluble in 
solvents such CDCl3, CD2Cl2 and TFA. The proton NMR gave signals at 8.6-8.1 (4H, m), 
required for four protons in the aromatic region. The fluorine NMR was not clear and did not 
show the three signals required for the target compound. The material was dissolved in TFA 
and re-precipitated by addition of ethanol. The elemental analysis of the recrystallized 
compound was however not correct for the expected composition. The infrared spectrum was 
run in KBr and gave peaks at vmax cm
-1
(KBr); 3414, 3061, 2927, 1640, 1613, 1472, 1250, 
970, 722. The accurate mass measurement identified a peak at 555.0152 which corresponds 
to the expected formula C26H8F6N4S2 for [MH]
+
. These results confirmed that the desired 
compound was formed successfully, but because of the solubility problem we could not 
managed to get clean NMR spectra to support the structure. The yield of solid was 75%. 
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Scheme 192: Reaction of decafluorobiphenyl with 2-mercaptobenzimidazole. 
5.56. Reaction of the fluorinated compound with the dipotassium salt of 2-
nitrodithioacetic acid
168 
To further extend the scope of our work on reactions of perfluoroarenes with sulfur based 
nucleophiles, it was decided to study the reaction of pentafluoropyridine with easily prepared 
dipotassium salt of nitrodithioacetic acid.
168
 The compound 480 was readily made from 
nitromethane and carbon disulphide in the presence of potassium hydroxide, and behaved as 
the enedithiolate 480, a potential bis nucleophile. It was investigated to react compound 480 
with pentafluoropyridine in a SNAr process to form either the cyclic compound 481 or the di-
substituted product 482. To synthesise the potassium salt, a mixture of carbon disulphide and 
nitromethane was added into a stirred mixture of potassium hydroxide in ethanol. The 
reaction was stirred overnight at RT. The dark brown solid afforded was washed with ethanol 
and diethyl ether and dried under high vacuum. The infrared spectrum showed a nitro peak at 
1633 but the accurate mass ion was not detected.  
 
Scheme 193: Reaction of carbon disulphide with nitromethane. 
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5.57. Attempted reaction of pentafluoropyridine with the dipotassium salt 
of 2-nitrodithioacetic acid 
The first attempt involved reaction of the potassium salt 480 with pentafluoropyridine. The 
reaction was conducted in DMSO overnight. The crude material afforded after extraction 
with diethyl ether as an oil. The fluorine NMR spectrum showed that it was a mixture of 
several products. The TLC also showed several spots. After a small column eluting with ethyl 
acetate and methanol, the products were separated. The main fraction with ethyl acetate gave 
a brown coloured oil. The fluorine NMR spectrum identified two peaks one at 27.10-26.92 
(2F, m) and the other at 74.31-73.98 (2F, m). The infrared spectrum showed a broad peak at 
3117 and sharp peak at 1628. The GC-MS identified a peak at m/z 332.0, which corresponds 
to C10F8N2S. These results showed that the reaction under these conditions had not formed 
the target compound 481 or 482 but gave instead the dipyridyl sulfide 483. The same reaction 
was attempted with DCM and triethylamine at RT, and with DBU in DCM. The main product 
formed again, in both cases, was same sulfide 483. The formation of 483 must involve initial 
attack at the 4-position of pentafluopyridine by the enedithiolate, but rather than cyclisation 
to 481 or reaction with a second molecule of pentafluoropyridine, breakdown of the 
intermediate by loss of nitro thioketene must occur to form a pyridine thiolate which in turn 
reacts with a second molecule of pentafluoropyridine. 
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Scheme 194: Attempted reaction of dipotassium 2-nitroethene-1,1-dithiolate with 
pentafluoropyridine. 
5.58. Attempted reaction of potassium salt with hexafluorobenzene 
The potassium salt was also reacted with hexafluorobenzene to study its role as a nucleophile. 
The reaction was tried in DMSO at RT overnight. After extraction with diethyl ether the 
crude product was afforded as an oil. The fluorine NMR spectroscopy showed two main 
signals. The GC-MS showed a peak at m/z 225.0, which could not manage to identify. None 
of the potential products of this reaction 484, 485, 486, 487 could be detected. Because of the 
complex results decided to stop further investigation of fluorinated compounds with the 
potassium salt at this point. 
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Scheme 195: Possible products from the attempted reaction of hexafluorobenzene with 
dipotassium 2-nitroethene-1,1-dithiolate. 
In conclusion in this chapter Smiles type rearrangement was observed with tetrafluoropyrid-
4-yl bromophenylsulfonamides. Formation of compound 360 showed that fluoroarylamine 
compounds undergo rearrangement as found previously in the group with ethers, and in 
contrast to the direct cyclisation by SNAr reaction observed with the corresponding sulfides. 
Formation of fluorinated azaphenothiazines involving Smiles rearrangement were the result 
of another successful investigation into the reaction of pentafluoropyridine with ortho 
aminobenzenethiol derivatives, and the compounds 455 and 456 were fully characterised and 
confirmed by X-ray structure. 
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Chapter 6 
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6.1. Conclusion 
The research described in this thesis was largely successful and led to the synthesis of many 
novel fluorinated heterocyclic compounds for material and pharmaceutical applications. A 
number of novel fluorinated derivatives of sulfur and nitrogen containing heterocycles were 
fully characterised by spectroscopic and analytical methods, and by X-ray crystallography. 
The key findings of the project are summarised below.  
In chapter 2 the successful replacement of the two fluorine atoms in 6,12-difluorobenzo-bis-
benzothiophene with alkoxide and thiolate nucleophiles were reported. Nine new compounds 
of the type 488 and 489 (Figure 26) were fully characterized and their X-ray structures were 
obtained. Their solid state and potential electronic applications are under investigation. The 
reaction of 6,12-difluorobenzo-bis-benzothiophene with a range of nitrogen-nucleophiles 
were unsuccessful however. Addition of carbon-based nucleophiles were successful to some 
extent, and it was shown the fluorine atoms in 6,12-difluorobenzo-bis-benzothiophene could 
be replaced with nucleophiles such as phenylacetylene anion. Although HRMS confirmed the 
expected formula of the product, no well resolved NMR spectrum or X-ray structure has yet 
been obtained. 
 
Figure 26: Structure of the compound 488 and 489. 
In chapter 3 a search for alternative methods of cyclization of bromoaryl perfluoroaryl ethers 
and sulfides, to avoid the use of n-butyllithium, was described, which was partly successful 
using magnesium metal leading to ring closure of 131 (Scheme 196). Other methods 
including radical, Rieke metals, radical reagents, or non-nucleophilic bases on the 
unbrominated analogues, were unsuccessful and did not lead to cyclic fluorinated 
compounds.  
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Scheme 196: Cyclisation of fluorinated compound 131 with Grignard reagent. 
Chapter 4 reported attempts to use the dianion of benzenethiol to form alternatively fused 
benzothiophene derivatives such as 491 with the [2,3-c] configuration, instead of the [3,2-c] 
fused products already developed in the group (Scheme 197). These reactions were not 
successful to form cyclised compounds. It was found that the dianion attacked through sulfur 
and not through carbon giving the sulfide derivatives such as 492.  
 
Scheme 197: Attempted reaction to form benzothiophene derivatives 491. 
Attempts to form helicene structures such as compound 331 were made (Scheme 198). The 
intermediate linked dibenzothiophene 317 was formed successfully, but various attempts to 
add a further nucleophile (thiolate, silyloxide or amine) at a position meta to sulfur were not 
successful, and further work needs to be done in that area. Compound 344 (Scheme 199) was 
also successfully synthesised which could form a heptacyclic ribbon-like polyarene by the 
addition of a nucleophile across the two central fluorobenzene rings. 
196 
 
 
Scheme 198: Further investigation of helicene formation from 317. 
 
Scheme 199: Further investigation of ribbon formation from 344. 
Smiles type rearrangement was observed with tetrafluoropyrid-4-yl 
bromophenylsulfonamides as reported in chapter 5. Formation of compound 360 (Scheme 
200) showed that fluoroarylamine compounds undergo rearrangement as found previously in 
the group with ethers, and in contrast to the direct cyclisation by SNAr reaction observed with 
the corresponding sulfides.  
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Scheme 200: Reaction of n-butyllithium with tetrafluoropyrid-4-yl 2-
bromophenylsulfonamide. 
Formation of fluorinated azaphenothiazines involving Smiles rearrangement were the result 
of another successful investigation into the reaction of pentafluoropyridine with ortho 
aminobenzenethiol derivatives,and the compounds 455 and 456 were fully characterised and 
confirmed by X-ray structure. 
 
Scheme 183: Cyclisation of N-(2-((perfluoropyridin-4-yl)thio)phenyl)acetamide. 
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This project met with success overall and a number of novel fluorinated ring compounds 
were synthesised and characterised, showing that SNAr reactions of perfluoroarenes involving 
cyclisation represents a convenient and powerful strategy for heterocyclic synthesis. 
6.2. Future work 
Further work should be carried on in several areas of the chemistry described in this thesis. 
Due to the limited time, it was not possible to prepare all of the desired target compounds. 
Potential future work should focus on the following areas. 
(1)- The results reported in chapter 2 indicated that the fluorine atoms in 6,12-difluorobenzo-
bis-benzothiophene could be successfully replaced by thiolate and alkoxide nucleophiles. 
Little success however was found with either neutral or anionic nitrogen nucleophiles. The 
reason for this is not clear and merits further investigation. The approach to add a nitrogen 
nucleophile to hexafluorobenzene in the first step, followed by addition of 2-
bromothiophenol and finally n-butyllithium mediated cyclisation, which was briefly 
explored, should be further investigated.  
 
Scheme 201: Alternative reaction sequence to prepare 6,12-diamino substituted benzo[1,2-
b:4,5-b']bis[b]benzothiophenes. 
(2)- Further investigation of the addition of carbon centred nucleophiles to 6,12-
difluorobenzo-bis-benzothiophene should be explored, as the reaction with n-butyllithium 
was not successful. Cyanide, and aryl, alkenyl or other alkynyl metals could be tested. 
Further analysis of the compound 226 should be carried out as only poorly resolved NMR 
spectra were obtained and the proposed structure requires proper determination and 
characterisation. 
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Scheme 202: Further functionalization of 194 with carbon nucleophile. 
(3)-The cyclisation experiments described in chapter 3 using alternative reagents to 
butyllithium require further study. Attempts to promote cyclization using other strong bases 
such as alkyllithium/t-butoxide combinations could be investigated. Further investigation 
should be carried out on the reaction with magnesium metal, which already showed promise 
in forming cyclized compounds. The yield needs to be improved by optimisation of the 
reaction solvent and conditions. 
 
Scheme 203: Possible metal mediated cyclisation or rearrangement. 
(4)-The key experiments reported in chapter 4 towards formation of helicene and ribbon 
structures need to be extended and developed. The intermediate 317 was synthesised 
successfully, but further study of the addition of different nucleophiles to close the seventh 
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ring need to be conducted. Similarly further study of the ribbon type structure 344, should be 
conducted to add a third nucleophile to test the fluorine directed addition and potential to 
effect further ring closure. 
 
Scheme 198: Further investigation of helicene formation from 317. 
 
Scheme 199: Further investigation of ribbon formation from 344. 
(5)-Chapter 5 reported n-butyllithium promoted Smiles rearrangement of tetrafluoropyrid-4-
yl bromophenylsulfonamides. Further examples of these rearrangement products should be 
synthesised to demonstrate the scope of this reaction. Easily prepared pivalate derivatives 
such as 381 could be further investigated, and subsequent cyclisation to form fluorinated 
carbazole analogues should be developed. 
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Scheme 204: Proposed rearrangement or cyclisation of fluoroarylpivalamides. 
 (6)- Further examples of the Smiles rearranged compounds from the reaction of 
amidobenzenethiols with fluoroarenes should be prepared to generate a library of compounds, 
and these and other products generated should be screened for biological activity.  
 
 
 
Scheme 205: Further studies on rearrangement reactions of amidoaryl sulfanyl 
perfluoroarenes. 
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Chapter 7 
 
  
 
 
203 
 
7. Experimental 
 7.1.General  
Anhydrous conditions were obtained by using oven/flame-dried glassware purged with 
nitrogen prior to the addition of reagents. A nitrogen atmosphere was maintained throughout 
reactions, where necessary, through the use of a nitrogen balloon. 
Commercially available solvents were used and not subjected to further purification, except 
for THF, which was distilled as needed from benzophenone and sodium. DMSO was 
purchased dry. Light petroleum refers to the fractions with a boiling point between 40-60 
o
C.  
NMR spectra were recorded (
1
H, 
19
F and 
13
C) using a Bruker 400 MHz NMR instrument or a 
Jeol ECS-400 instrument with internal standards of tetramethylsilane or hexafluorobenzene 
for 
19
F NMR spectra. Chemical shifts are reported in ppm and coupling constants are 
recorded in hertz. 
1
H NMR spectra were recorded at 400 MHz, 
19
F spectra at 376 MHz and 
13
C spectra were recorded at 100 MHz. DEPT was used to assign environment (CH, CH2, 
CH3) to each carbon atom in 
13
C spectra. The solvent used for NMR measurements is 
specified in brackets. 
High-resolution mass spectra were recorded on a Thermofisher Exactive (orbitrap) mass 
spectrometer, with ESI as the ionization mode, or were recorded at the EPSRC National Mass 
Spectrometry Facility in Swansea. GC-MS was performed on a Fisons 8060 with a DB5MS 
column of 30 m length and splitless injection. A Perkin-Elmer spectrum 65FT-IR 
spectrophotometer was used to obtain infrared spectra. Liquid samples were acquired using a 
thin film on a sodium chloride disc. Solid samples were acquired using a KBr disc. 
Melting points were recorded using as Electro thermal-IA 9100 melting point instrument. 
Elemental analyses were determined using a CE-440 Elemental analyzer. 
TLC analysis was carried out on Merck TLC silica gel 60 F254 aluminum backed plates and 
were visualized by vanillin stain or under UV light at 254 nm. Column chromatography was 
carried out on Merck Kiesel 60 silica gel. The eluent and concentration used is specified in 
brackets. 
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7.2. Organic Synthesis 
7.2.1. Reaction of hexafluorobenzene with 2-bromothiophenol101 
 
 
 
A solution of 2-bromothiophenol ( 20 mmol, 3.78 g) in DMF (4 mL) was added dropwise to a 
stirred suspension of NaH (25 mmol, 1.0 g, 60% dispersion in mineral oil)  in DMF (8 mL) 
under N2. Hexafluorobenzene (40 mmol, 7.44 g) was added dropwise to the reaction mixture 
which was stirred at RT for 24 h. The solvent was evaporated and then ice/water (25 mL) was 
added with caution to quench any remaining NaH. The reaction mixture was extracted with 
diethyl ether (3 x 25 mL) and the combined organic layers dried over MgSO4, filtered and 
evaporated to give 193 as a yellow solid (5.31 g). Recrystallization from EtOH and DCM 
afforded pale yellow crystals 48%, m.p. 130-133 °C (lit.,
101
 138 °C); δH (400 MHz, CDCl3) 
7.63 (1H, d, J=8.0 Hz), 7.29-7.25 (1H, m), 7.18-7.14 (2H, m), δF (376 MHz, CDCl3) 30.9 
(4F, s); HRMS (ESI) m/z found 521.8364, C18H8
79
Br2F4S2 requires 521.8376; vmax / cm
-1 
(film) 1445, 1388, 1237, 1014, 748. Data consistent with literature values.
101
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7.2.2. Cyclization of 1,4-bis-(2-bromophenylsulfanyl)-2,3,5,6-
tetrafluorobenzene
101
 
 
 
A solution of 1,4-bis-(2-bromophenylsulfanyl)tetrafluorobenzene  (2 mmol, 1.04 g) in THF 
(2 mL) was stirred at -78 °C under N2 and treated dropwise with a solution of n-BuLi in 
hexane (4.2 mmol, 2.5 M, 1.68 mL). The mixture was stirred and allowed to warm to RT for 
24 h. The solvent was evaporated and then water (20 mL) was added to the residue. The 
reaction mixture was extracted with DCM (3 x 25 mL) and the combined organic layers dried 
over MgSO4, filtered and evaporated to give orange brown solid. Recrystallization from 
toluene and ethanol afforded 194 as colourless crystals (0.20 g, 31%). m.p. 287-289 °C (lit., 
287 °C) ; δH (400 MHz, CDCl3) 8.51-8.49 (2H, m), 7.92-7.90 (2H, m), 7.59-7.55 (4H, m); δF 
(376 MHz, CDCl3) 37.1 (2F, s); HRMS (ESI) m/z found 326.0036, C18H8F2S2 requires 
326.0036; Data in agreement with literature values.
101
  
7.2.3. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b’]bis[b]benzothiophene 
with 1-heptanol in DMSO 
 
 
 
A stirred suspension of sodium hydride (2 mmol, 0.08 g, 60% dispersion in mineral oil) in 
DMSO (2 mL), was treated with compound 194 (0.5 mmol, 0.16 g) in DMSO (3 mL). The 
colour changed to red.  1-Heptanol (2 mmol, 0.23 g) was added dropwise into the stirring 
206 
 
mixture. The reaction was stirred overnight at 65 °C under N2. The reaction was quenched 
with ethanol and stopped after 24 h and water (10 mL) was added. The mixture was extracted 
with diethyl ether (3 x 25 mL) and the combined organic layers were dried over MgSO4, 
filtered and evaporated. The material afforded was a sticky solid (0.32 g). A solid afforded 
was (0.16 g) after trituration with EtOH. The melting point of the solid was 72-74°C, (64%). 
The compound 195 was recrystallized from EtOH to give product 195.  δH (CDCl3, 400 
MHz)  8.60-8.54 (1H, m), 7.87-7.85 (1H, m), 7.49-7.47 (2H, m), 4.26 (2H, t, J=6.4 Hz), 2.06-
2.00 (2 H, m), 1.70-1.60 (2H, m), 1.36-1.34 (6H, m), 0.92 (3 H, t, J= 6.8 Hz). δC (CDCl3, 100 
MHz) 146.5, 139.6, 134.5, 130.7, 128.1, 126.7, 125.2, 124.7, 122.6, 72.9, 31.9, 30.6, 29.3, 
26.1, 22.7, 14.2.  GC-MS (EI) m/z 518[M-H]
+
, HRMS (ESI) m/z found 518.2302, 
C32H38O2S2, requires 518.2308, νmax/cm
-1
(film) 3583, 3059,  2927, 2855, 1486, 1466, 1424, 
1352, 1314, 1241, 1137, 1053, 1007, 953, 761, 732. The desired compound 195 was formed. 
7.2.4. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b
’
]bis[b]benzothiophene 
with 1-octanol in DMF 
 
 
A stirred suspension of sodium hydride (2.5 mmol, 0.10 g, 60 % dispersion in mineral oil) in 
DMF (2 mL), was treated with compound 194 (1 mmol, 0.32 g) in DMF (5 mL). 1-Octanol (2 
mmole, 0.26 g) was added dropwise to the stirring mixture. The reaction was heated at 80 °C 
overnight under N2. The colour changed to dark red. The reaction was quenched with ethanol 
and stopped after 24 h. The solvent was evaporated to dryness and water (10 mL) was added 
to form a solid precipitate. The solid formed was collected by suction filtration and washed 
with water, ethanol and dichloromethane. The solid was dried under high vacuum to give 199 
(0.19 g, 44%, m.p. 82-85 °C). δH (CDCl3, 400 MHz) 8.61-8.59 (1H, m), 7.89-7.86 (1H, m), 
7.53-7.46 (2H, m), 4.30-4.26 (2H, m), 2.08-2.01 (2H, m), 1.69-1.62 (2H, m), 1.48-1.39 (8H, 
m), 0.91 (3H, t, J= 7.2 Hz), δF (CDCl3, 376 MHz) 38.0 (1F, s). HRMS (ESI) m/z found 
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437.1410 (MH
+
), C26H25FOS2H requires 437.1409, νmax/cm
-1
(film) 
 
3583, 2921, 2850, 1464, 
1424, 1350, 1263, 1241, 1051, 760, 732. 
Monosubstituted compound 199 was formed. 
7.2.5. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b’]bis[b]benzothiophene 
with 1-octanol in DMF 
 
A stirred suspension of sodium hydride (1.5mmol, 0.06 g, 60% dispersion in mineral oil)  in 
DMF (2 mL), was treated with compound 194 (0.25 mmol, 0.08 g), followed by dropwise 
addition of 1-octanol (1mmol, 0.15 mL). The mixture was stirred overnight under N2 at 80 
o
C. After 24 h the reaction was quenched with ethanol and stopped. Solvent was evaporated 
and water (10 mL) was added to the residue to form a solid precipitate. The solid was 
collected through suction filtration and washed with H2O and EtOH. The compound 196 
afforded was 0.06 g, 46%, m.p. 87-92
 o
C. The compound 196 was recrystallized from EtOH 
and the recrystallized compound showed m. p. 93-94 
oC. δH (CDCl3, 400 MHz) 8.61-8.57 
(1H, m), 7.87-7.84 (1H, m), 7.51-7.45 (2H, m), 4.26 (2H, t, J=6.4 Hz), 2.07-2.00 (2H, m), 
1.68-1.60 (2H, m), 1.45-1.32 (8H, m), 0.90 (3H, t, J=6.8 Hz). δC (CDCl3, 100 MHz) 146.5, 
139.6, 134.5, 130.7, 128.1, 126.7, 125.2, 124.7, 122.6, 72.9, 31.9, 30.6, 29.6, 29.4, 26.2, 22.7, 
14.2. HRMS (ESI) m/z found 546.2620, C34H42O2S2, requires 546.2621, νmax/cm
-1
 (film) 
3583, 2920, 2847, 1485, 1463, 1423, 1349, 1314, 1262, 1239, 1051, 1007, 957, 764, 735. 
Disubstituted compound 196 was formed successfully 
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7.2.6. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b’]bis[b]benzothiophene  
with 1-nonanol in DMSO 
 
 
 
A stirred suspension of sodium hydride (2.2 mmol, 0.08 g, 60% dispersion in mineral oil) in 
DMSO (2 mL), was treated with compound 194 (0.5 mmol, 0.16 g) in DMSO (3 mL). 1-
Nonanol (2 mmol, 0.28 g) was added dropwise into the stirring mixture. The colour changed 
to light yellow and formed foam. The reaction was stirred at 65 °C overnight under N2. The 
reaction was quenched with ethanol and stopped after 24 h and added water (10 mL) in the 
residue. The mixture was extracted with diethyl ether (3 x 25 mL). The organic layer was 
dried over MgSO4, filtered and evaporated. The crude material obtained was oil (0.38 g), 
which was triturated with cold ethanol and afforded solid 0.10 g, 60-61°C. The compound 
197 was recrystallized from EtOH, and showed m.p. 59-60 °C, with 35% yield. δH (CDCl3, 
400 MHz) 8.55-8.49 (1H, m), 7.82-7.76 (1H, m), 7.44-7.38 (2H, m), 4.20 (2H, t, J=6.8Hz), 
2.01-1.94 (2H, m), 1.61-1.54 (2H, m), 1.40-1.23 (10H, m), 0.83 (3H, t, J=6.8 Hz), δC (CDCl3, 
100 MHz) 145.4, 138.5, 133.4, 129.6, 127.0, 125.6, 124.1, 123.6, 121.5, 71.8, 30.9, 29.5, 
28.6, 28.5, 28.3, 25.1, 21.6, 13.1. GC-MS (EI) m/z 574[M-H]
+
, HRMS (ESI) m/z found 
575.3004, C36H46O2S2H, requires 575.3012 and negative found 573.2865, C36H45O2S2[M-H]
-
, 
requires 573.2855, νmax/cm
-1 
(film) 2967, 2918, 2847, 1485, 1463, 1422, 1350, 1315, 1263, 
1239, 1069, 1051, 1016, 929, 879, 735, 688. The desired product 197 was formed. 
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7.2.7. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b’]bis[b]benzothiophene  
with 1-decanol in DMF 
 
 
 
A stirred suspension of sodium hydride (1.5mmol, 0.06 g, 60 % dispersion in mineral oil) in 
DMF (2 mL), was treated with compound 194 (0.25 mmol, 0.08 g) followed by dropwise 
addition of 1-decanol (1 mmol, 0.19 mL).The mixture was stirred overnight under N2 at 80 
o
C. After 24 h the reaction was quenched with ethanol and stopped. The solvent was 
evaporated to dryness and H2O (10 mL) was added in the residue. There were no solid 
precipitates formed and the mixture was extracted with diethyl ether (3 x 25 mL). The 
combined organic extracts were washed with H2O (2 x 5 mL), and dried over MgSO4, 
filtered and evaporated. The crude material obtained was an oil (0.21 g). A white solid was 
afforded after trituration with ethanol and weighed 0.08 g, (53% yield), m.p. 62-63 
oC. . δH 
(CDCl3, 400 MHz) 8.59-8.57 (1H, m), 7.87-7.84 (1H, m), 7.50-7.45 (2H, m), 4.26 (2H, t, 
J=6.8 Hz), 2.05-2.00 (2H, m), 1.66-1.62 (2H, m), 1.44-1.24 (12H, m), 0.88 (3H, t, J=6.4 Hz), 
δC (CDCl3, 100 MHz) 146.5, 139.6, 134.5, 130.7, 128.1, 126.7, 125.2, 124.7, 122.6, 72.9, 
32.0, 30.5, 29.8, 29.7, 29.6, 29.4, 26.2, 22.7, 14.2, HRMS (ESI) m/z found 602.3238, 
C38H50O2S2H, requires 602.3247, νmax/cm
-1
(film) 3060, 2924, 2852, 1654, 1589, 1487, 1465, 
1425, 1315, 1298, 1263, 1242, 1137, 1053, 1023, 986, 761, 733. The desired compound 198 
was formed. 
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7.2.8. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b’]bis[b]benzothiophene 
with 1-heptanethiol in DMF 
 
 
 
A stirred suspension of  sodium hydride (2 mmol, 0.08 g, 60 % dispersion in mineral oil) in 
DMF (3 mL), was treated with  compound 194  (0.5 mmol, 0.16 g) DMF (5 mL) followed by 
dropwise addition of 1-heptanethiol (2 mmol, 0.26 g). The mixture fizzed and formed foam. 
The mixture was then heated at 80 °C overnight under N2. The reaction was quenched with 
ethanol and stopped after 24 h. The solvent was evaporated to dryness and water (10 mL) was 
added in the residue to form solid precipitates. The solid was collected through suction 
filtration and washed with water, ethanol and diethyl ether. A yellow solid, 0.08 g, was 
afforded. A sticky solid (0.11 g) was also obtained from the ethanol and diethyl ether 
washings and triturated with ethanol to afford further solid (0.01 g). The total yield of the 
compound 200 was 32%, with m.p. 112-114 
oC. δH (CDCl3, 400 MHz) 9.47-9.44 (1H, m), 
7.91-7.89 (1H, m), 7.52-7.49 (2H, m), 3.00 (2H, t, J=7.2 Hz), 1.64-1.60 (2H, m), 1.38-1.36 
(2H, m), 1.21-1.18 (6H, m), 0.81 (3H, t, J=8 Hz), δC (CDCl3, 100 MHz)  148.5, 141.0, 136.2, 
134.3, 127.0, 126.4, 125.0, 124.4, 122.5, 36.1, 31.7, 29.9, 28.9, 28.8, 22.6, 14.1. GC-MS (EI) 
m/z 550[M
+
], HRMS (ESI) m/z found 551.1928, C32H38S4H requires 551.1929, νmax/cm
-1 
(film) 3583, 3400, 2924, 2852, 1643, 1464, 1322, 1225, 1089, 763, 732. The reaction was 
successful to form desired compound 200. 
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7.2.9. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b’]bis[b]benzothiophene 
with 1-octanethiol in DMF 
 
 
 
A stirred suspension of sodium hydride (2.5 mmole, 0.10 g, 60% dispersion in mineral oil) in 
DMF (2 mL), was treated with compound 194 (0.75 mmole, 0.24 g) dissolved in DMF (5 
ml), followed by dropwise addition of  1-octanethiol (2 mmole, 0.29 g). The reaction mixture 
was stirred overnight at 80 °C under N2. The reaction was quenched with ethanol after 24 h. 
The solvent was evaporated to dryness. A solid precipitated on addition of water (10 mL). 
The solid formed was collected by suction filtration and washed with H2O, EtOH and DCM. 
The solid 201 afforded was (0.26 g, 42%, m.p. 104-105 °C). δH (400 MHz, CDCl3) 9.47-9.43 
(1H, m), 7.91-7.87 (1H, m), 7.52-7.48 (2H, m), 3.00 (2H, t, J=7.6 Hz), 1.65-1.58 (2H, m), 
1.39 (2H, d, J=6.8 Hz), 1.24-1.18 (8H, m), 0.82 (3 H, t, J = 6.8 Hz), δC (100 MHz, CDCl3)  
148.6, 141.0, 136.2, 134.3, 127.0, 126.4, 125.0, 124.4, 122.5, 36.1, 31.8, 29.9, 29.2, 29.1, 
29.0, 22.6, 14.1, HRMS (ESI) m/z found 579.2245, C34H42S4H, requires 
579.2242,  νmax/cm
-1
 (film) 3583,
  
2922, 2852, 1464, 1326, 1301, 1225, 1157, 1036, 760, 
729. The desired compound 201 was formed successfully. 
7.3.0. Reaction of 6, 12-difluorobenzo[1,2-b:4,5-b’]bis[b]benzothiophene 
with 1-nonanethiol in DMF 
 
 
212 
 
 
A stirred suspension of sodium hydride (2 mmol, 0.08 g, 60% dispersion in mineral oil) in 
DMF (3 mL), was treated with compound 194 (0.5 mmol, 0.16 g) dissolved in DMF (3 mL). 
1-Nonanethiol (2 mmol, 0.32 g) was added dropwise into the stirring mixture. The reaction 
was stirred overnight at 80 °C under N2. The reaction was quenched with ethanol after 24 h. 
The solvent was evaporated to dryness. A solid precipitated on addition of water (10 mL). 
The solid was collected by suction filtration and washed with H2O and EtOH. The solid 
afforded weighed 0.24 g, 80%, m.p.108-115 
o
C. The compound 202 was recrystallized from 
EtOH to give the desired compound 202 with m.p.110-113 °C. δH (CDCl3, 400 MHz)  9.48-
9.44 (1H, m), 7.91-7.89 (1H, m), 7.53-7.49 (2H, m), 3.00 (2H, t, J=7.2 Hz),1.66-1.58 (2H, 
m), 1.37 (2H, t, J=4Hz), 1.24-1.17 (10H, m), 0.85 (3H, t, J=6.8 Hz), δC (CDCl3, 100 MHz)  
148.6, 141.0, 136.2, 134.3, 127.0, 126.4, 125.0, 124.4, 122.5, 36.1, 31.8, 29.9, 29.4, 29.2, 
29.1, 28.9, 22.7, 14.1. GC-MS (EI) m/z 606.5 [M-H]
+
, HRMS (ESI) m/z found 607.2552, 
C36H46S4H, requires 607.2555, νmax/cm
-1
(film) 3435, 2923, 1643. The desired compound 202 
was formed successfully. 
7.3.1. Reaction of 6,12-difluorobenzo[1,2-b:4,5-b’]bis[b]benzothiophene  
with 1-decanethiol in DMF 
 
 
 
A stirred suspension of sodium hydride (1.5 mmol, 0.06 g, 60% dispersion in mineral oil)  in 
DMF (2 mL), was treated with compound 194 (0.25 mmol, 0.08 g) followed by dropwise 
addition of 1-decanethiol (1 mmol, 0.20 mL). The colour changed to light yellow. The 
mixture was stirred at 80 
o
C overnight under N2. The reaction was quenched with ethanol and 
stopped after 24 h. The solvent was evaporated to dryness and water (10 mL) was added to 
the residue. The mixture was extracted with diethyl ether (3 x 25 mL), and the combined 
organic layers were washed with H2O (2 x 10 mL), dried over MgSO4, filtered and 
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evaporated to give 0.37 g of a sticky yellow material. Recrystallization from toluene and 
ethanol afforded a yellow solid 203 (0.09 g, 60%), m.p.104-105
 oC. δH (CDCl3, 400 MHz)  
9.47-9.43 (1H, m), 7.90-7.86 (1H, m), 7.52-7.48 (2H, m), 3.00 (2H, t, J=7.6 Hz), 1.65-1.58 
(2H, m), 1.37 (2H, t, J=6.8 Hz), 1.27-1.17 (12H, m), 0.85 (3H, t, J= 6.8 Hz), δC (CDCl3, 100 
MHz)  148.6, 141.0, 136.2, 134.2, 127.0, 126.4, 125.0, 124.4, 122.5, 36.1, 31.9, 29.9, 29.8, 
29.5, 29.3, 29.1, 29.0, 22.7, 14.2, HRMS (ESI) m/z found 635.2870, C38H50S4H, requires 
635.2868, νmax/cm
-1 
(film) 2917, 2850, 759, 729. The desired compound 203 was formed 
successfully. 
7.3.2. Attempted reaction of 6,12-difluorobenzo[1,2-b:4,5-
b’]bis[b]benzothiophene with KHMDS 
 
 
 
A stirred solution of the compound 194 (0.25 mmol, 0.08 g) in THF (5 mL) was treated 
dropwise with 12-equivalents of KHMDS 265 (3 mmol, 6 mL) at RT. The colour of the 
mixture changed to light yellow. The reaction was stirred overnight at RT under N2. After 24 
h the reaction was quenched with ethanol. The solvent was evaporated to dryness and water 
(10 mL) added to the residue to form a solid precipitate. The solid (0.05 g) formed was 
collected by suction filtration and shown to be starting material 194. δF (CDCl3, 376 MHz) 
37.6 (2F, s), νmax/cm
-1
 (film) 3354, 2919, 2849, 1947, 1658, 1632, 1590, 1494, 1429, 1388, 
1270, 1246, 1048,930, 751, 725. The reaction was unsuccessful and starting material 194 
recovered. 
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7.3.3. Attempted reaction of 6,12-difluorobenzo [1,2-b:4,5-
b’]bis[b]benzothiophene with sodium azide 
 
 
A stirred solution of the compound 194 (0.25 mmol, 0.08 g) in DMF (2 mL) was treated with 
sodium azide (14 mmol, 0.91 g) in DMF (3 mL). The mixture was stirred overnight at 70
 o
C 
under N2. The colour of the mixture changed to dark pink. After 24 h the reaction mixture 
was evaporated to dryness. Water (10 mL) was added to the residue, precipitating a solid. The 
solid (0.07 g) was collected through suction filtration, and shown to be starting material 194. 
δH (CDCl3, 400 MHz)   8.43-8.42 (1H, m), 7.85-7.82 (1H, m), 7.51-7.44 (2H ,m), 
 δF (CDCl3, 
376 MHz) 37.7 (2F, s), νmax/cm
-1
(film) 3583, 2917, 2849, 1494, 1430, 1389, 1270, 1247, 
1048, 931, 844, 751, 726.
 
 The reaction was also attempted in DMSO at 120 
o
C overnight 
under N2. δH (CDCl3, 400 MHz) 8.43-8.42 (1H, m), 7.85-7.82 (1H, m), 7.51-7.44 (2 H, m), δF 
(CDCl3, 376 MHz) 37.7 (2F, s), νmax/cm
-1 
(film) 3583, 3351, 2916, 2848, 1492, 1428, 1386, 
1298, 1268, 1244, 1047, 861, 751, 763, 726. The spectroscopic analysis showed that the 
reaction was again unsuccessful under these conditions and starting material 194 was 
recovered. 
7.3.4. Attempted reaction of 6,12-difluorobenzo[1,2-b:4,5-
b’]bis[b]benzothiophene with hydrazine monohydrate 
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A stirred solution of the compound 194 (0.25 mmol, 0.08 g) in THF (5 mL), was treated 
dropwise with hydrazine monohydrate (14 mmol, 0.68 mL). The mixture was stirred at 65 
o
C 
overnight under N2. After 24 h, the solvent was evaporated and a solid precipitated by the 
addition of H2O (10 mL). The white solid afforded was 0.04 g and shown to be starting 
material 194. δH (CDCl3, 400 MHz) 8.47-8.44 (1H, m), 7.89-7.85 (1H, m), 7.55-7.52 (2H, m), 
δF (CDCl3, 376 MHz)  37.6 (2 F, s), νmax/cm
-1
 (film) 3583, 2917, 1495, 1430, 1389, 1271, 
1248, 1049, 931, 766, 751,726. The reaction was also attempted in dioxane at 100 
o
C 
overnight under N2. δH (CDCl3, 400 MHz) 8.47-8.44 (1H, m), 7.89-7.85 (1H, m), 7.55-7.52 
(2H, m), δF  (CDCl3, 376 MHz) 37.7 (2F, s), νmax/cm
-1 
(film) 3583, 2917, 1495, 1430, 1389, 
1271, 1248, 1049, 931, 766, 751, 726. The reaction was unsuccessful to form desired 
compound 210 and starting material 194 was recovered. 
7.3.5. Reaction of p-toluenesulfonyl chloride with n-heptylamine in pyridine 
 
 
 
A stirred solution of p-toluenesulfonyl chloride (4 mmol, 0.76 g) in pyridine (1 mL), was 
treated dropwise with n-heptylamine (4 mmol, 0.46 g). The mixture was stirred at RT 
overnight under N2. After 24 h the reaction was stopped and solvent evaporated to dryness. 
Water (10 mL) was added in the residue and the mixture was extracted with diethyl ether (3 x 
25 mL). The combined organic layers were dried over MgSO4, filtered and evaporated to 
dryness. The sticky solid 206 afforded was 0.95 g, 88%. δH (400 MHz, CDCl3) 7.52 (2H, d, 
J=7.2 Hz), 6.99 (2H, d, J=7.2 Hz), 5.51 (1H, t, J=6 Hz), 2.62-2.57 (2H, m), 2.18 (3H, s), 1.17 
(2H, quin. J=6.4 Hz), 1.03-0.79 (8H, m), 0.0.54 (3H, t, J=6.8 Hz), GC-MS (EI) m/z 269.2 
(M
+),  νmax/cm
-1
(film) 3583, 3281, 2955, 2928, 2857, 1654, 1598, 1456, 1425, 1325, 1160, 
1094, 814, 663. 
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7.3.6. Attempted reaction of 6,12-difluorobenzo [1,2-b:4,5-
b’]bis[b]benzothiophene   with n-heptyl-4-methylbenzenesulfonamide 
 
 
A stirred suspension of sodium hydride (3 mmol, 0.12 g) in DMSO (5 mL) was treated with 
compound 194 (0.25 mmol, 0.08 g), in DMSO (3 mL) and n-heptyl-4-
methylbenzenesulfonamide 206 (2.5 mmol, 0.67 g) was added dropwise to the stirring 
mixture. It formed a foam which subsided. The reaction mixture was stirred overnight at 120 
o
C. The reaction was quenched with ethanol after 24 h. Water (10 mL) was added in the 
residue and the mixture was extracted with diethyl ether (3 x 25 mL). The combined organic 
layers were washed with water (2 x 5 mL), and dried over MgSO4, filtered and evaporated. A 
sticky solid (0.60 g) was afforded. δH (400 MHz, CDCl3)  7.70 (2H, d, J=8 Hz), 7.21 (2H, d, 
J=8 Hz), 5.54 (1H, t, J=8 Hz), 2.79 (2H, t, J=4 Hz), 2.30 (3H, s), 1.35 (2H, d, J=8 Hz), 1.15 
(2H, t, J=8 Hz), 1.09 (4H, s), 0.75 (3H, t, J=4 Hz), νmax/cm
-1
(film) 3584, 3284, 2927, 2857, 
1598, 1495, 1326, 1161, 1094, 814, 663, 551. The reaction was unsuccessful to form desired 
compound 207 and starting material 206 was recovered. 
7.3.7. Attempted reaction of 6,12-difluorobenzo[1,2-b:4,5-
b’]bis[b]benzothiophene   with n-heptylamine 
 
 
 
A stirred solution of the compound 194 (0.25 mmol, 0.08 g) in DMF (5 mL), was treated with  
n-heptylamine 204 (0.5 mmol, 0.07 mL), followed by dropwise addition of triethylamine (0.5 
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mmol, 0.06 mL). The mixture was stirred at 75 
o
C overnight. The reaction was stopped after 
24 h and the solvent was evaporated to dryness. Water (10 mL) was added into the residue 
and the mixture was extracted from DCM (3 x 25 mL). The combined organic layers were 
washed from H2O (2 x 10 mL) and dried over MgSO4, filtered and evaporated to dryness. A 
solid (0.08 g) was afforded. δH
 
(400 MHz, CDCl3) 8.46-8.44 (1H, m), 7.88-7.86 (1H, m), 
7.54-7.51 (2H, m), δF (CDCl3, 376 MHz) 37.6 (2F, s), νmax/cm
-1
(film) 3399, 2958, 2928, 
2858, 2031, 1710, 1608, 1512, 1467, 1379, 1265, 738, 703. The same reaction was also 
attempted in DMSO at 80 
o
C, 120 
o
C and 150 
o
C for 24 h, 48h and 72 h respectively, and also 
with n-butyllithium in THF at -78 
o
C. The reactions were unsuccessful and starting material 
194 was recovered in each case. 
7.3.8. Reaction of hexafluorobenzene with pyrrolidine 
 
 
A solution of hexafluorobenzene 50 (4 mmol, 0.74g) and pyrrolidine 212 (3.6 mmol, 3.00 
mL) was heated under reflux overnight.  The reaction was stopped after 24 h and water (10 
mL) was added to the residue and the mixture was extracted with diethyl ether (3 x 25 mL). 
The combined organic layers were separated and washed with H2O (2 x 5 mL) and dried over 
MgSO4, filtered and evaporated to dryness. The white solid 213 was afforded 1.30 g m.p. 86-
96 
oC, with 98% yield. δH (400 MHz, CDCl3) 3.42 (4H, bs), 1.93-1.89 (4H, m),
 δF (376 MHz, 
CDCl3) 7.23 (4F, s), δC (CDCl3, 100 MHz) 141.7 (dddd, J=241, 14, 11, 6 Hz), 120.3(bs), 
51.3, 25.4, GC-MS (EI) m/z 287.1[M+H], HRMS (ESI) m/z found 289.1319, C14H17F4N2, 
requires 289.1322, EA: found C% 58.30, H% 5.72, N% 9.25, required C% 58.33, H% 5.59, 
N% 9.72,  νmax/cm
-1
(film) 2978, 2952, 2873, 1659, 1516, 1486, 1462, 1356, 1344, 1301, 
1270, 1244, 1177, 1147, 1093, 1023, 990, 971, 955, 930, 869, 683. The reaction was 
successful to form compound 213. 
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Mono-substituted product 217 was obtained when 2-equivalents were used in 1,4-dioxane at 
100 
o
C. Also a mixture of mono 217 and di-substituted 213 products was formed when used 
6-equivalents were employed in DMF at 80 
o
C. For the mono-substituted product 217 the 
following data was obtained. 
 
δH (400 MHz, CDCl3) 1.90-1.86 (4H, m), 3.48-3.43 (4H, m),
 δF (376 MHz, CDCl3)  (-10.83)- 
-(10.99) (1F, m), (-3.75)-(-3.89) (2F, m), 6.22 (2F, d, J=20.30 Hz), νmax/cm
-1 
(film) 2977,  
2881, 2690,  2440,  2011, 1656, 1613, 1519, 1502, 1463, 1318, 1249, 1145, 1052, 992, 964, 
821. 
7.3.9. Attempted reaction of 2-bromothiophenol with 1,1'-(perfluoro-1,4-
phenylene)dipyrrolidine 
 
 
A stirred suspension of sodium hydride (5 mmol, 0.2 g) in DMF (5 mL), was treated with 
compound 213 (1 mmol, 0.28 g) in DMF (2 mL), followed by dropwise addition of 2-
bromothiophenol 192 (4 mmol, 0.47 mL).  The reaction mixture was stirred at 80 
o
C for 72 h 
under N2. After 72 h reaction was quenched with ethanol. The solvent was evaporated on 
rotary evaporator and water (10 mL) was added in the residue. The mixture was extracted 
with diethyl ether (3 x 25 mL) and the combined organic layers were washed with water (2 x 
5 mL) and 1M HCl (2 x 5 mL) and dried over MgSO4, filtered and evaporated to dryness. A 
crystalline compound shown to be 213 was afforded, 0.43 g. The material was triturated with 
EtOH and afforded solid (0.02 g) and a sticky material was obtained (0.30 g), on evaporation 
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of ethanol washings. The 
1
H NMR of both solid and washing showed that it was starting 
material. δH (CDCl3, 400 MHz)  3.39 (4H, s), 1.92-1.86 (4H, m), δF (CDCl3, 376 MHz) 7.2 
(4F, s), νmax/cm
-1 
(film) 3584, 2918, 2849, 1515, 1485, 1357, 1094. The reaction was 
unsuccessful under these conditions and starting material 213 was recovered. 
7.4.0. Reaction of hexafluorobenzene with imidazole 
 
A stirred suspension of sodium hydride (4 mmol, 0.16 g, 60 % dispersion in mineral oil) in  
DMF (5 mL), was treated with hexafluorobenzene 50 (1 mmol, 0.18 g) followed by dropwise 
addition of imidazole (4 mmol, 0.27 g) in DMF (5 mL). The mixture was stirred at RT under 
N2 for 72 h. The reaction was quenched with ethanol and the solvent evaporated on a rotary 
evaporator. Water (10 mL) was added, forming a solid precipitate. The white solid (0.04 g) 
was collected by suction filtration. The aqueous layer was extracted with diethyl ether (3 x 25 
mL), and the combined organic layers were dried over MgSO4, filtered and evaporated. The 
solid (0.11 g) was afforded, with m.p. 270 
o
C. The total yield was 53%. The 
1
H and 
19
F NMR 
of the solid was, δH (400 MHz, DMSO-d6) 7.39 (1H, s), 6.90 (1H, s), 6.80 (1H, s), δF (376 
MHz, DMSO-d6) 15.5 (4F, s). GC-MS (EI) m/z 283.2, HRMS (ESI) m/z found 283.0599 for 
C12H7F4N4, requires 283.060, νmax/cm
-1
 (film) 3400, 2949, 2837, 2523, 2172, 1650, 1540, 
1509, 1412, 1183, 1021. The desired compound 219 was formed successfully. The mono-
substituted compound 222-a was also identified in minor quantity. Analysis of individual 
crystals showed trace amounts of the hexa-substituted compound 222-b to be present, as 
determined by single crystal X-ray diffraction.  
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7.4.1. Attempted reaction of 6,12-difluorobenzo[1,2-b:4,5-
b’]bis[b]benzothiophene   with n-butyllithium 
 
 
 
A stirred solution of compound 194 (0.15 mmol, 0.04 g) in THF (5 mL), at 0 
o
C was treated 
dropwise with n-butyllithium (3.3 mmol, 1.5 mL). The colour changed to dark red. The 
reaction was stirred at RT overnight under N2. After 24 h the reaction was stopped and 
quenched with water ice. The solvent was evaporated on the rotary evaporator and water (10 
mL) was added to the residue. The mixture was extracted with DCM (3 x 25 mL), and the 
combined organic layers were dried over MgSO4, filtered and evaporated to dryness. The 
sticky material (0.06 g) was afforded. A solid (0.04 g) was afforded after recrystallization 
from ethanol, m.p.250 
o
C. 
 δH
 
 (400 MHz, DMSO-d6)  8.50 (2H, s), 7.69-7.64 (1H, m), 7.22 
(2H, t, J=8 Hz), 2.03-2.00 (2H, m), 1.50-1.40 (2H, m), 1.01 (2H, d, J=7.2 Hz), 0.79 (3H, t, 
J=7.2 Hz),
 δF (DMSO-d6, 376 MHz)  43.6 (1F, s), νmax/cm
-1
(film) 3434, 2980, 2126, 1645, 
1453, 1399, 1322, 1274, 1084, 1044, 878. The data suggested that the mono-substituted 
compound 223 was formed. The above reaction was also attempted with n-butyllithium at -78
 
o
C and then warm to RT. The reaction was unsuccessful and starting material 194 was 
recovere 
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7.4.2. Reaction of 6,12-difluorobenzo [1,2-b:4,5-b’]bis[b]benzothiophene 
with phenylacetylene 
 
 
A stirred suspension of sodium hydride (6.5 mmol, 0.26 g) in DMSO (5 mL) was treated with 
compound 194 (1 mmol, 0.32 g). Phenylacetylene (6 mmol, 0.65 mL) was added dropwise 
and the mixture was stirred at 80 
o
C overnight. The colour changed to dark red. After 24 h 
water (10 mL) was added to the mixture, which was extracted with diethyl ether (3 x 25 mL), 
the combined organic layers were dried over MgSO4, filtered and evaporated to dryness. A 
dark colour sticky material (0.99 g) was obtained. The crude material was recrystallized from 
EtOH and afforded a dark colour solid 0.47 g, m.p. 150.0-152.0 
oC, ca. 61%.  δH (400 MHz, 
CDCl3)  8.11 (broad), 7.92 (s), 7.58-7.47 (m), 
 δC (100 MHz, CDCl3)  128.1 (broad), 30.0 (s). 
Well resolved NMR spectra could not be obtained. HRMS (ESI) m/z 489.0753, C34H17S2, 
requires 489.0778 [M
+
H]
-, νmax/cm
-1 
(film) 1597, 1492, 1443, 759, 696. The data suggested 
that compound 226 has formed, but further characterisation is required. 
7.4.3. Reaction of pentafluoropyridine with 2-bromobenzenethiol 
 
 
A solution of pentafluoropyridine (5 mmol, 0.84 g), was treated with stirred suspension of  
sodium hydride (2.5 mmol, 0.1 g, 60% dispersion in mineral oil) in DMF (1 mL), followed 
by dropwise addition of 2-bromobenzenethiol (2 mmol, 0.23 mL). The mixture was stirred 
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overnight under N2 at RT. The reaction was quenched with water ice after 24 h. The solvent 
was evaporated on a rotary evaporator and water (10 mL) was added to the residue. The 
mixture was extracted with DCM (3 x 25 mL), and the combined organic layers were washed 
with 1M HCl (1 x 10 mL) and saturated Na2CO3 (1 x 10 mL) and dried over MgSO4, filtered 
and evaporated to dryness. A solid (0.60 g, 89%) was afforded. The solid was recrystallized 
from hexane and petroleum ether and afforded (0.50 g, 74%), δH (400 MHz, CDCl3) 7.65 
(1H, d, J=8 Hz), 7.52 (1H, d, J=8 Hz), 7.32-7.26 (2H, m), δF (376 MHz, CDCl3) 25.38-25.15 
(2F, m), 71.46-71.11 (2F, m).  The data was in agreement with the literature values.
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7.4.4. Cyclization of 4-((2-bromophenyl)thio)-2,3,5,6-tetrafluoropyridine 
 
 
 
A solution of 4-(2-bromophenylsulfanyl)-2, 3, 5, 6-tetrafluoropyridine 131 (0.75 mmol, 0.25 
g) in THF (5 mL) was treated dropwise with a solution of n-BuLi in hexane (2.5 M, 0.5 mL, 
1mmol) at -78 
o
C. The mixture was allowed to warm to RT for 24 h. The mixture was treated 
with water ice to quench the reaction. The solvent was evaporated and water (10 mL) was 
added to the residue. The mixture was extracted with DCM (3 x 25 mL), and the combined 
organic layers were dried over MgSO4, filtered and evaporated. The material afforded was an 
oil 0.20 g. The product was purified by column chromatography and preparative TLC to 
afford target compound 132, (0.10 g, 58%), δH (CDCl3, 400 MHz) 8.38-8.35 (1H, m), 7.95-
7.92 (1H, m), 7.63-7.16 (2H, m), δF (CDCl3, 376 MHz) 15.94-15.67 (1F, m), 73.85-73.74 
(1F, m), 88.14-88.02 (1F, m). The cyclised compound 132 was formed. The data was in 
agreement with literature values.
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The above reaction was also attempted with PdCl2 in DMF at 70 
o
C under N2. The solid 
isolated showed, δH (CDCl3, 400 MHz) 7.64-7.61 (1H, m), 7.56-7.50 (1H, m), 7.31-7.23 (2H, 
m), δF (CDCl3, 376 MHz) 71.70-71.53 (2F, m), 25.33-25.15 (2F, m), GC-MS (EI) m/z 
337.1(M
+), νmax/cm
-1
(film) 3063, 2926, 2855, 2579, 2370, 2287, 1727, 1628, 1575, 1463, 
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1403, 1236, 1109, 1020, 951, 890, 754. The reaction was unsuccessful and starting material 
131 was recovered. 
7.4.5. Attempted reaction of palladium catalyst with 131 
 
 
A stirred solution of fluorinated compound 131 (0.5 mmol, 0.16 g), PdCl2 (0.008 g, 0.05 
mmol), and PPh3 0.2 mmol, 0.05g, four equivalents) in DMF (5 mL) was treated dropwise 
with triethylamine (0.5 mmol, 0.06 mL). The mixture was stirred at 80 
o
C for 48 h under N2. 
The TLC was checked after 48 h, which still showed starting material. The temperature was 
raised to 140 
o
C for another 24 h. The mixture was cooled to RT and the reaction was 
stopped. The solvent was evaporated on rotary evaporator and water (10 mL) was added to 
the residue. The mixture was extracted with diethyl ether (3 x 25 mL). The combined organic 
layers were washed with H2O (3 x 5 mL) and brine (3 x 5 mL), and dried over MgSO4, 
filtered and evaporated. The sticky material afforded was 0.08 g. After preparative TLC, 
separated two bands were obtained which yielded the following products. 
(a) Compound 228, afforded (0.02g, 11%), δH  (400 MHz, CDCl3) 7.58 (1H, d, J=7.6 Hz), 
7.21-7.16 (2H, m), 7.11 (1H, t, J=7.6 Hz), 3.03 (6H, s), δC (100 MHz, CDCl3) 145.2 (dd, 
J=140 , 20 Hz), 143.3 (t, J=21 Hz),  39.9 (d, J =6.7 Hz), 135.0 (dd, J=249.8 , 31.4 Hz), 
133.4, 130.8, 128.8, 128.1    124.4, 123.8 (t, J=20 Hz), δF (376 MHz,  CDCl3) 70.84 (1F, t, 
J=43.2 Hz). 35.01(1F, d, J=34.6 Hz), 12.16 (1F, dd, J= 25.9 , 5.6), GC-MS (EI) m/z 362.2 
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(M
+
). The reaction was unsuccessful to form desired compound 132, and formed compound 
228 instead. 
(b) Compound 131, afforded (0.03 g, 18%), δH (400 MHz, CDCl3) 7.65 (1H, d, J=7.6 Hz), 
7.53 (1H, d, J=7.6 Hz), 7.33-7.23 (2H, m), δF (376 MHz, CDCl3):  71.69-71.60 (2F, m), 
25.34-25.14 (2F, m), GC-MS (EI) m/z 337.1(M
+) νmax/cm
-1
(film) 3448, 2924, 2851, 1713, 
1628, 1463, 950. The starting material 131 was recovered.  
7.4.6. Attempted reaction of Rieke metals with 131 
 
 
Sodium metal (2 mmol, 0.04 g) in THF (3 mL) was treated with magnesium chloride (1 
mmol, 0.09 g). The mixture was stirred at -78 
o
C for 30 minutes. Into the stirring mixture was 
added fluorinated compound 131 (1 mmol, 0.33 g), dissolved in dry THF (3 mL). The 
mixture was stirred at RT overnight under N2. The reaction was quenched with water ice after 
24 h, neutralized with 1M HCl, and the solvent evaporated on a rotary evaporator. Water (10 
mL) was added to the residue which was extracted with DCM (3 x 25 mL). The combined 
organic layers were dried over MgSO4, filtered and evaporated. This afforded 131 (0.22 g). 
δH (400 MHz, CDCl3) 7.64 (1H, d, J=8Hz), 7.53 (1H, d, J=8Hz), 7.33-7.23 (2H, m), δF (376 
MHz, CDCl3) 71.76-71.52 (2F, m), 25.34-25.17 (2F, m), νmax/cm
-1 
(film) 3063,  2926,  2854,  
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2580, 1628, 1575, 1563, 1463, 1403, 1236, 1109, 1020, 951, 889, 754, 736,  697,  591. The 
reaction was also attempted in 1, 4-dioxane. The analysis showed that pyridone 234 was 
formed instead of desired compound 132. A sticky solid (0.11g, 11%) was afforded, δH (400 
MHz, CDCl3) 7.62 (1H, d, J=8 Hz), 7.44 (1H, d, J=8 Hz), 7.27 (1H, t, J=8 Hz), 7.20 (1H, t, 
J=8 Hz), δF (376 MHz, CDCl3)  66.62-66.75 (1F, m), 25.96-26.06 (1F, d, J =37.6 Hz), 16.46-
16.47 (1F, d, J=3.76 Hz),  νmax/cm
-1
(film) 3583, 3066, 2917, 2849, 2692, 1704, 1649, 1488, 
1448, 1400, 1252, 1212, 959, 892, 753. The reaction was also attempted in THF at 50 
o
C. The 
reaction was attempted with MgCl2 or CuBr2 in diglyme at 120 
o
C. These reactions were 
unsuccessful and starting material 131 was recovered in each case. 
7.4.7. Attempted reaction of fluorinated compound with copper metal 
 
 
 
A solution of copper metal (10 mmol, 0.63 g) and copper bromide (1 mmol, 0.22 g) in dry 
acetonitrile (10 mL) was treated with fluorinated compound 131 (1 mmol, 0.33 g) in 
acetonitrile (2 mL). The mixture was stirred at RT overnight under N2. The reaction was 
stopped after 24 h. The solvent was evaporated and water (10 mL) was added to the residue. 
The mixture was passed through a celite bed and washed thoroughly with ethyl acetate. The 
organic layer was washed with brine (2 x 10 mL), dried over Na2SO4, filtered and evaporated 
to dryness. The crude material (0.29 g) afforded was an oil. δH (CDCl3, 400 MHz)  7.62 (1H, 
d, J=8Hz), 7.51 (1H, d, J=8Hz), 7.30-7.20 (2H, m), δF (CDCl3, 376 MHz) 71.62-71.54 (2F, 
m), 25.29-25.09 (2F, m), νmax/cm
-1
 (film) 3426, 3063, 2925, 2852, 1628, 1575, 1463, 1236, 
1020, 951, 890, 754. The starting material 131 was recovered unchanged. 
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7.4.8. Reaction of fluorinated compound 131 with magnesium 
 
 
Magnesium powder (10 mmol, 0.24 g) was stirred for 1 h under nitrogen, followed by 
addition of iodine (30 mg) in THF (1 mL). To the stirring mixture compound 131 (1 mmol, 
0.33 g) in THF (3 mL) was added dropwise at RT. The mixture was heated under reflux 
overnight. The reaction was quenched with water ice after 24 h. Water (10 mL) was added 
and the mixture was extracted with ethyl acetate (3 x 25 mL). The combined organic layers 
were dried over MgSO4, filtered and evaporated to dryness. The crude material (0.19 g) was 
afforded as a dark brown coloured oil. The product was purified by column chromatography 
and preparative TLC. The target compound 132 was afforded as solid (0.05 g, 21%), δH 
(CDCl3, 400 MHz)  8.35-8.33 (1H, m), 7.92-7.90 (1H, m), 7.61-7.59 (2H, m). δF (CDCl3, 376 
MHz):  89.42-89.25 (1F, m), 66.86-66.78 (1F, m), 12.52-12.39 (1F, m), GC-MS (EI) m/z 
239.1,  νmax/cm
-1
(film) 3410, 3058, 2921, 2851, 1732, 1615, 1464, 1263, 1058, 739. The 
reaction formed desired compound 132. The data was in agreement with literature values.
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7.4.9. Reaction of pentafluoropyridine with 2-bromophenol 
 
 
 
A stirred suspension of sodium hydride (2.5 mmol, 0.12 g, 60% dispersion in mineral oil) in 
DMF (5 mL), was treated with pentafluoropyridine 75 (2 mmol, 0.33 g) followed by 
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dropwise addition of 2-bromophenol 68 (2 mmol, 0.21 mL) at 0 
o
C. The mixture was stirred 
at RT overnight under N2. The reaction was quenched with water ice after 24 h. The solvent 
was evaporated on a rotary evaporator and H2O (10 mL) was added to the residue. The 
mixture was extracted with diethyl ether (3 x 25 mL), and the combined organic layers were 
washed with water (2 x 10 mL) and 1M HCl (2 x 5 mL), dried over MgSO4, filtered and 
evaporated. The product (0.20 g), was afforded as a yellow oil in 31% yield.
101
 δH (CDCl3, 
400 MHz) 7.64 (1H, d, J=4 Hz), 7.51(1H, d, J=4 Hz), 7.32-7.22 (2H, m), δF (CDCl3, 376 
MHz) 71.89-71.72 (2F, m), 6.76-6.56 (2F, m). The data was in agreement with literature 
values.
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7.5.0. Attempted reaction of compound 127 with magnesium
 
 
In an oven dried round bottom flask weighed magnesium powder (20 mmol, 0.48 g) and 
stirred at RT under N2 for one hour. After one hour iodine (60 mg) was dissolved in THF (2 
mL). The stirred mixture was treated with fluorinated compound 127 (2 mmol, 0.64 g) 
dissolved in dry THF (5 mL). The mixture was refluxed overnight under N2. After 24 h 
reaction was stopped and evaporated THF and added H2O (10 mL) in the residue and 
extracted with ethyl acetate (3 x 25 mL), and washed with H2O (2 x 10 mL). The combined 
organic layers were dried over MgSO4, filtered and evaporated. The crude material (0.65 g) 
afforded as an oil. Preparative TLC of the crude material eluting with petroleum ether gave 
two bands. Band (1) (0.03 g) as an oil, δH (CDCl3, 400 MHz) 7.37 (1H, t, J=8Hz), 7.22 (1H, 
d, J=8Hz), 7.17 (2H, t, J=8Hz), δF (CDCl3, 376 MHz) 72.54 (1F, t , J=45.12 Hz ), 8.13 (1F, 
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d, J=41.36 Hz), 2.11-2.05 (1F, d, J=22.56 Hz), GC-MS (EI) m/z 396.0,  νmax/cm
-1
(film) 3069, 
2925, 2854, 2568, 2476, 2425, 2085,1840, 1641, 1577, 1504, 1470, 1261,1215, 1123, 1074, 
1030, 822, 759, 660. The band (1) remains unidentified and band (2) afforded as an oil (0.05 
g). δH (CDCl3, 400 MHz) 7.64 (1H, d, J=8 Hz), 7.32 (1H, t, J=8 Hz), 7.14 (1H, t, J=8 Hz), 
7.06 (1H, d, J=12 Hz), δF (CDCl3, 376 MHz) 73.38-73.21 (2F, m), 6.43-6.26 (2F, m),  GC-
MS (EI) m/z 321(M
+
). These results showed that band (2) was starting material 127. The 
reaction was unsuccessful to form desired compound 129 or 130.  
7.5.1. Reaction of pentafluoropyridine with 2-bromobenzyl alcohol 
 
 
A stirred suspension of sodium hydride (3 mmol, 0.12 g, 60 % dispersion in mineral oil) in 
DMSO (2 mL), was treated with pentafluoropyridine (2 mmol, 0.33 g). The mixture was 
stirred at RT. 2-bromobenzyl alcohol (2.5 mmol, 0.46 g) was dissolved in DMSO (2 mL) and 
added dropwise into the stirring mixture. The mixture was stirred at RT under N2 for 48 h. 
The reaction was quenched with water ice and water (20 mL) was added in the residue. The 
mixture was extracted with diethyl ether (3 x 25 mL). The combined organic layers were 
washed from water (3 x 5 mL) and dried over MgSO4, filtered and evaporated. The 
compound (0.51 g) afforded as a solid, m.p. 75 
o
C, in 40% yield. The disubstituted compound 
239 was recrystallized in EtOH and collected as white crystals (0.10 g, 8% ) δH (CDCl3, 400 
MHz) 7.60-7.56 (2H, m), 7.52 (1H, t, J=8Hz), 7.37-7.30 (2H, m), 7.23-7.17 (1H, m), 5.51 
(2H, s), 5.40 (2H, s), δF (CDCl3, 376 MHz) 69.11-68.99 (1F, m), 3.93 (1F, d, J=24.44 Hz), (-
3.00) (1F, d, J=21.80 Hz), HRMS (ESI) m/z found 503.9235(MH
+
) for C19H12
79
Br2F3NO2H 
requires 503.9240, EA: found C% 45.40, require 45.36, found H% 2.23, requires 2.40, found 
N% 2.92, requires 2.78, νmax/cm
-1 
(film) 
 
3400, 3062, 2924, 2853, 1642, 1479, 1093, 750.
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7.5.2. Reaction of pentafluoropyridine with 2-bromobenzyl alcohol 
 
A stirred suspension of sodium hydride (2.5 mmol, 0.1g, 60% dispersion in mineral oil) in 
DMSO (2 mL), was treated with pentafluoropyridine (6 mmol, 1.01 g), followed by dropwise 
addition of 2-bromobenzyl alcohol 238 (2 mmol, 0.37 g) in dry DMSO (2 mL). The reaction 
was stirred at RT overnight under N2. The reaction was quenched with water ice and stopped 
after 24 h. To form a solid precipitate, water (20 mL) was added in the residue. The solid was 
collected through suction filtration and washed with H2O and EtOH. The colourless 
crystalline solid (0.18 g) was afforded. The aqueous layer was extracted with diethyl ether (3 
x 25 mL), and the combined organic extract was washed with H2O (2 x 5 mL), dried over 
MgSO4, filtered and evaporated. A solid (0.22 g) was afforded. The ethanol washing was 
evaporated and further solid (0.20 g) was afforded. The overall yield was 90% and the 
melting point was 75-78 
oC. δH (CDCl3, 400 MHz) 7.62 (1H, d, J=8Hz), 7.53 (1H, d, J=8Hz), 
7.37(1H, t, J=8Hz), 7.28-7.23 (1H, m), 5.50 (2H, s). δF (CDCl3, 376 M Hz): 71.85-71.69 (2F, 
m), 4.25-4.08 (2F, m), δC (CDCl3, 100 MHz): 146.8 (t, J=5 Hz), 144.3 (dt, J=241,  14 Hz), 
135.1 (dm, J=256 Hz), 133.9, 133.2, 130.7, 129.8, 127.9, 123.4, 75.3, GC-MS (EI) m/z 
337.0/339.0,  HRMS (ESI) m/z mass ion was not detected, νmax/cm
-1
(film) 3063,  2926,  2854,  
2579,  1839, 1628, 1575, 1563, 1462, 1441, 1403, 1236, 1109, 1020, 951.The accurate mass 
ion could not be detected. 
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7.5.3. Attempted reaction of 4-((2-bromobenzyl)oxy)-2,3,5,6-
tetrafluoropyridine with magnesium 
 
In an oven dried round bottom flask weighed magnesium metal (10 mmol, 0.24 g) and stirred 
at RT under N2 for one hour. After one hour added catalytic amount of iodine (30 mg) and 
dissolved in dry THF (1 mL). A stirred mixture was treated with fluorinated compound 240 
(1 mmol, 0.33 g) in dry THF (2 mL). The mixture was reflux overnight under N2. After 24 h 
reaction was cooled at RT. The solvent was evaporated and water (10 mL) was added in the 
residue. The mixture was extracted with ethyl acetate (3 x 25 mL). The combined organic 
layers were dried over MgSO4, filtered and evaporated to dryness. The sticky material (0.16 
g) was afforded. 
 δH (DMSO-d6, 400 MHz) 7.68 (1H, d, J=8 Hz), 7.58 (1H, d, J=8 Hz), 7.43 
(1H, t, J =8 Hz), 7.33 (1H, t, J=8 Hz), 5.60 (2H, s), δF  (DMSO-d6, 376 MHz) 70.91-70.72 (2 
F, m), (-1.28)-(-1.47) (2 F, m). The reaction was unsuccessful to form desired compound 243 
and starting material 240 was recovered. 
The above reaction was also attempted with n-BuLi at -78
 o
C. The sticky solid afforded (0.20 
g), was purified by column chromatography and preparative TLC. A solid (0.01 g, 7%) was 
obtained.  δH (CDCl3, 400 MHz) 7.66 (2H, d, J=7.6 Hz), 7.52 (2H, t, J=6.8 Hz), 7.42 (1H, t, 
J=7.6 Hz), 4.52 (2H, s), 2.76 (2H, t, J=7.2 Hz), 2.34-2.27 (4 H, m), 0.88 (3H, t, J=7.2 Hz), δF 
(CDCl3, 376 MHz) 72.49-72.33 (1F, m), 33.4 (1F, d, J=30.08 Hz), 20.10 (1F, d, J=30.08 Hz). 
These results showed that a butyl group added at the 2-position forming 244. The reaction 
was unsuccessful to form desired compound 243. 
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7.5.4. Attempted reaction of radical cyclization of fluorinated compound 
131 
 
A solution of fluorinated compound 131 (1 mmol, 0.33 g), triethylamine (1.2 mmol, 0.16 mL) 
and catalytic amount of initiator (1,1-azobis(cyclohexanecarbonitrile) (30 mg) in THF (2 mL) 
was treated dropwise with tributyltin hydride (1.2 mmol, 0.32 g) diluted in dry THF (3 mL) 
over a period of 1 h by syringe pump. The mixture was heated at 60 
o
C for 1 h. The reaction 
was cooled to a RT. The solvent was evaporated and water (10 mL) was added to the residue. 
The mixture was extracted with diethyl ether (3 x 25 mL), and the combined organic extract 
was washed with H2O (2 x 5 mL) and 1 M HCl (2 x 5 mL) and dried over MgSO4, filtered 
and evaporated. A white solid (0.81 g) was afforded. δH (CDCl3, 400 MHz) δH 7.57 (1H, dd, 
J=8.4 and 2 Hz), 7.47 (1H, dd, J=7.6 and 1.6 Hz), 7.30-7.16 (2H, m). δF (CDCl3, 376 MHz) 
71.42-71.25 (2F, m), 25.20-25.02 (2F, m), GC-MS (EI) m/z 338.3, νmax/cm
-1
 (film) 3584, 
3062, 2957, 2922, 2871, 2853, 2244, 1703, 1627, 1576, 1486, 1464, 1235, 951, 889, 753. The 
reaction was unsuccessful and starting material 131 was recovered. 
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The above reaction was also attempted in acetonitrile at 80
 o
C under N2 and slow addition of 
tributyltin hydride over 2 h. The reaction was unsuccessful and starting material 131 
recovered. The same procedure was carried out with compound 240. 
 
δH (CDCl3, 400 MHz) 7.39-7.36 (4H, m), 5.48 (2H, s), δF (CDCl3, 376 MHz) 71.44-71.28 
(2F, m), 4.31-4.11(2F, m). 
Starting material 240 was recovered but some side product was formed as well. The reaction 
was unsuccessful under these conditions. The above reaction was also attempted with dry 
benzene and heated under reflux overnight. δH (CDCl3, 400 MHz) 7.54 (1H, dd, J=7.6 and 
1.6 Hz), 7.47 (1H, d, J=7.6 Hz), 7.32 (1H, dt,  J=7.2 and 1.2 Hz), 7.15 (IH, dt, J=7.6 and 1.6 
Hz), 4.73 (2H, s), δF (CDCl3, 376 M Hz) 71.60-71.42 (2F, m),  20.06-19.88 (2F, m). The 
reaction was unsuccessful to form desired compound 243 and starting material 240 was 
recovered. 
7. 5. 5. Reaction of pentafluoropyridine with benzenethiol 
 
 
A stirred suspension of sodium hydride (1.5 mmol, 0.06 g, 60% dispersion in mineral oil) in 
dry DMF (2 mL), was treated with pentafluoropyridine (3 mmol, 0.50 g), followed by 
dropwise addition of benzenethiol (1 mmol, 0.10 mL) in dry DMF (2 mL). The mixture was 
stirred at RT overnight under N2. The reaction was quenched with water ice and stopped. The 
233 
 
solvent was evaporated and water (10 mL) was added in the residue. The mixture was 
extracted with diethyl ether (3 x 25 mL) and the combined organic layers were washed with 
water (2 x 10 mL) and dried over MgSO4, filtered and evaporated. The crude material (0.23 
g, 92%) was afforded as an oil.  δH (CDCl3, 400 MHz) 7.51 (2H, d, J =8 Hz), 7.39-7.29 (3H, 
m), δF (CDCl3, 376 MHz) 71.46-71.11 (2F, m), 25.51-25.22 (2F, m).  The desired compound 
261 was formed successfully. 
7.5.6. Attempted reaction of 2,3,5,6-tetrafluoro-4-(phenylthio)pyridine with 
KHMDS 
 
 
A stirred solution of the compound 261 (1 mmol, 0.25 g) in dry THF (5 mL) at 0 
o
C under N2 
was treated dropwise with KHMDS (1.2 mmol, 0.6 mL). The mixture was warm to RT and 
stirred overnight under N2 at RT. The reaction was quenched with water ice and stopped after 
24 h. The solvent was evaporated and water (10 mL) was added in the residue. The mixture 
was extracted with DCM (3 x 25 mL), and the combined organic extract were dried over 
MgSO4, filtered and evaporated. The crude material (0.26 g) was afforded as an oil. δH 
(CDCl3, 400 MHz) 7.51 (2H, d, J=8 Hz), 7.39-7.29 (3H, m), δF (CDCl3, 376 MHz): 71.46-
71.11 (2F, m), 25.51-25.22 (2F, m), The starting material 261 was recovered unchanged.  
7.5.7. Reaction of pentafluoropyridine with 4-tert-butylbenzenethiol 
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A solution of pentafluoropyridine (9 mmol, 0.94 mL) in dry THF (2 mL) was treated with 
stirred suspension of sodium hydride (3.5 mmol, 0.14 g, 60% dispersion in mineral oil) in 
THF (4 mL), followed by dropwise addition of 4-tert-butylbenzenethiol (3 mmol, 0.50 mL). 
The mixture was stirred overnight under N2 at RT. The colour changed to light green. The 
reaction was quenched with water ice. The solvent was evaporated and water (10 mL) was 
added in the residue. The mixture was extracted with DCM (3 x 25 mL), and the combined 
organic layers were dried over MgSO4, filtered and evaporated. The crude material 263 (1.07 
g, 37%) was afforded as colourless liquid. δH (CDCl3, 400 MHz) 7.36 (2H, d, J=8 Hz), 7.29 
(2H, d, J=8 Hz), 1.21 (9H, s),  δF (CDCl3, 376 MHz) 71.68-71.44 (2F, m), 25.69-25.46 (2F, 
m),  GC-MS (EI) m/z 315.1, vmax cm
-1
(film) 3428,  3082,  3030, 2965, 2932, 2906, 2871, 
2711, 2577, 2343, 2158, 1909, 1837, 1627, 1439,  1400, 1365, 1267, 1237, 1116, 1012, 950, 
889, 830, 727, 696. The desired compound 263 was formed successfully under these 
conditions. 
7. 5. 8. Reaction of hexafluorobenzene with 4-tert-butylthiophenol 
 
 
 
A stirred  suspension of sodium hydride (3.1 mmol, 0.12 g) in THF (3 mL), was treated with 
hexafluorobenzene (9 mmol, 1.03 mL) followed by dropwise addition of 4-tert-
butylthiophenol (3 mmol, 0.50 mL). The mixture was stirred at RT overnight under N2. The 
reaction was quenched with water ice. The solvent was evaporated and water (10 mL) was 
added in the residue. The solid formed was collected by suction filtration. A white solid (0.69 
g, 48%, m.p. 109-116 
o
C) was afforded. δH (CDCl3, 400 MHz) 7.39 (2H, d, J=8 Hz), 7.35 
(2H, d, J =8 Hz), 1.32 (9H, s), δF (CDCl3, 376 MHz)  29.4 (4F, s), δC (CDCl3, 100 MHz): 
151.6, 146.9 (dm, J=257 Hz), 131.3, 128.8, 126.4, 34.6, 31.2, GC-MS: (EI) m/z 478.3, 
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HRMS: (ESI) m/z found 479.1486(MH
+
) for C26H27F4S2 requires 479.1485, vmax cm
-1 
(film) 
3391, 3080, 3127, 3061, 2964, 2905, 2869, 2563, 2379, 2309, 1906, 1730, 1636, 1595, 1489, 
1463, 1398, 1363, 1266, 1116, 1012, 960, 827, 740, 700, 633. The desired compound 271 
was formed successfully. 
7. 5. 9. Reaction of decafluorobiphenyl with 4-tert-butylthiophenol 
 
 
A solution of decafluorobiphenyl (3 mmol, 1.00 g) in THF (3 mL) was treated with stirred 
suspension of sodium hydride (6.1 mmol, 0.24 g, 60% dispersion in mineral oil) in THF (3 
mL), followed by dropwise addition of 4-tert-butylthiophenol (6 mmol, 1.00 mL). The 
mixture was stirred at RT overnight under N2. The reaction was quenched with water ice after 
24 h. The solvent was evaporated and water (10 mL) was added in the residue. The solid 
formed was collected through suction filtration and washed with water and EtOH. A white 
solid (2.03 g, 54%, 105-108 
o
C) was afforded. δH (CDCl3, 400 MHz) 7.47 (2H, d, J=7.6 Hz), 
7.40 (2H, d, J=7.6 Hz), 1.34 (9H, s), δF (CDCl3, 376 MHz) 30.16-30.06 (4F, m), 24.98-24.87 
(4F, m), δC (CDCl3, 100 MHz) 151.9, 146.2  (dd, J=247, 12 Hz), 144.2 (dd, J=253, 17 Hz), 
131.8 128.3, 126.5, 117.6  (t, J=20 Hz), 107.2  (t, J=15 Hz), 34.5, 31.2, GC-MS (EI) m/z: 
626.3. HRMS (ESI) m/z: accurate mass ion was not detected. The data suggested that the 
compound 275 was formed successfully. 
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7.6.0. Attempted reaction of 4-((4-(tert-butyl)phenyl)thio)-2,3,5,6-
tetrafluoropyridine with lithium diisopropylamide 
 
 
A stirred solution of diisopropylamide (2.2 mmol, 0.31 mL) in dry THF (3 mL), at -78 
o
C 
was dropwise treated with n-butyllithium (2.1 mmol, 1.02 mL) and stirred the mixture for 40 
min under N2 followed by addition of compound 263 (2 mmol, 0.63 g) in dry THF (3 mL). 
The colour was changed to dark red. The reaction was quenched with water ice after 24 h. 
The solvent was evaporated and water (10 mL) was added in the residue. The aqueous 
mixture was extracted with DCM (3 x 25 mL) and the combined organic layers were dried 
over MgSO4, filtered and evaporated. The crude material (0.87 g) was afforded as an oil. δH 
(CDCl3, 400 MHz) 7.46 (2H, d, J=8 Hz), 7.38 (2H, d, J=8 Hz), 1.31 (12H, d, J=8 Hz), 1.27 
(9H, d, J=8 Hz),  δF (CDCl3, 376 MHz) 70.94-70.86 (1F, m), 38.01-37.93 (1F, m), 12.96-
12.88 (1F, m), GC-MS (EI) m/z 396.3[M+H]
+
, vmax cm
-1
(film) 3080,  2906,  2870,  1908, 
1714, 1627, 1614, 1594, 1488, 1462, 1424, 1398, 1366, 1352, 1252, 1116, 950, 829, 742, 
674. The reaction failed to form the desired compound 264. 
The above reaction was also attempted with potassium bis(trimethylsilyl)amide (KHMDS) in 
dry THF at -78 
o
C and warmed to RT  overnight. This afforded compound 270 in a mixture, 
δF (CDCl3, 376 MHz) 24.89-24.79 (1F, m), 12.25-12.16 (1F, m) (starting material 263) and 
minor component 270, δF (CDCl3, 376 MHz) 67.80-67.66 (1F, m), 25.37-25.28 (1F, m), 
17.16-17.10 (1F, t, J =22.56 Hz). HRMS (ESI) m/z found 313.0979[M
+
H]
+
 for C15H15F3N2S 
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requires 312.903, vmax / cm
-1
(film) 3583, 3394, 2919, 1635, 1457, 1148. The reaction was 
unsuccessful to form desired compound 264 and the compound 270 was identified. 
 
 
7.6.1. Reaction of (perfluoro-1,4-phenylene)bis((4-(tert-
butyl)phenyl)sulfane) with diisopropylamide 
 
 
A stirred solution of compound 271 (0.5 mmol, 0.23 g) in dry THF (3 mL), was treated 
dropwise with LDA (1.5 mmol, 1.41 mL) at -78 
o
C under N2. The mixture was stirred 
overnight under N2 at RT. The colour changed to dark red. The reaction was quenched with 
water ice. The solvent was evaporated and water (10 mL) was added to the residue. The 
aqueous mixture was extracted with DCM (3 x 25 mL), and the combined organic layers 
were dried over MgSO4, filtered and evaporated. The crude material (0.27 g) was afforded. δH 
(CDCl3, 400 MHz) 7.37 (2H, d, J=8Hz), 7.34 (2H, d, J=8Hz), 1.32 (9H, s),  δF (CDCl3, 376 
MHz) 29.5 (4F, s), GC-MS (EI) m/z 478.1(M
+
), vmax / cm
-1
(film) 3391, 3080, 3027, 3061, 
2964, 2905, 2869, 2563, 2379, 2309, 1906, 1730, 1636, 1595, 1489, 1463, 1398, 1363, 1266, 
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1116, 1012, 960, 827, 740, 700, 633. The reaction was unsuccessful to form desired 
compound 272. 
The above reaction was also attempted with KHMDS at -78 
o
C and warmed to RT overnight. 
The compound 273 was afforded,
 δH (CDCl3, 400 MHz) 7.34 (2H, t, J=8 Hz), 7.25 (2H, t, 
J=8 Hz), 1.31 (9H, s), 
 δF (CDCl3, 376 MHz) 31.10-31.27 (1F, m), 29.42-29.27 (1F, m), 23.36 
(1F,d, J=22.56 Hz), GC-MS (EI) m/z 478.3[M+H]
+
. HRMS: (ESI) m/z 476.1687 for 
C26H29F3NS2, requires 476.1688, vmax /cm
-1 
(film) 3583, 3407, 2960, 2920, 2850, 1587, 1475, 
1116, 1012, 960, 824. The data suggested that the compound 273 was formed. The reaction 
was unsuccessful to form desired compound 272. 
 
7.6.2. Attempted Reaction of (perfluoro-[1,1'-biphenyl]-4,4'-diyl)bis((4-
(tert-butyl)phenyl)sulfane) with KHMDS 
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A solution of the compound 275 (0.5 mmol, 0.31 g) in dry THF (3 mL) at -78 
o
C was treated 
dropwise with KHMDS (1.5 mmol, 3.0 mL). The reaction was stirred at RT overnight under 
N2. The mixture was quenched with water ice. The solvent was evaporated, and water (10 
mL) was added to the residue. The aqueous mixture was extracted with DCM (3 x 25 mL) 
and the combined organic layers were dried over MgSO4, filtered and evaporated. A sticky 
solid (0.22 g) was afforded. GC-MS did not show the expected m/z value. δH (CDCl3, 400 
MHz) 7.46 (1H, d,  J=8 Hz), 7.38 (2H, d, J=8 Hz), 7.31(1H, d, J=8 Hz), 1.33 (9H, d, J=8 
Hz), δF (CDCl3, 376 MHz) 29.65-26.46 (2F, m), 26.35-26.23(1F, m), 24.65-24.51 (1F, m), 
18.38-18.26 (1F, m).
 
The reaction was unsuccessful to form desired compound 276 and the 
compound recovered remains unidentified. 
7.6.3. Reaction of pentafluoropyridine with tert-butylphenol 
 
 
 
A solution of pentafluoropyridine (9 mmol, 1.52 g) was treated with stirred suspension of 
sodium hydride (3.5 mmol, 0.14 g, 60% dispersion in mineral oil) in THF (5 mL), followed 
by dropwise addition of tert-butylphenol (3 mmol, 0.45 g). The mixture was stirred overnight 
at RT. The mixture was quenched with water ice after 24 h. The solvent was evaporated and 
water (10 mL) was added to the residue. The aqueous mixture was extracted with DCM (3 x 
25 mL), and the combined organic extracts were dried over MgSO4, filtered and evaporated. 
The crude material (0.48 g, 53%) was afforded as an oil. δH (CDCl3, 400 MHz) 7.40 (2 H, d, 
J=8 Hz), 7.02 (2 H, d, J=8 Hz), 1.34 (9 H, s), δF (CDCl3, 376 MHz) 73.03-72.75 (2F, m), 
7.56-7.28 (2F, m), GC-MS (EI) m/z 299.1 [M]
+
. The reaction was successful to form desired 
compound 278. 
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7.6.4. Attempted cyclization of 4-(4-(tert-butyl)phenoxy)-2,3,5,6-
tetrafluoropyridine 
 
 
 
A solution of the compound 278 (1 mmol, 0.29 g) in THF (3 mL) at -78 
o
C was treated 
dropwise with KHMDS (1.5 mmol, 3.0 mL, M=0.5). The mixture was warmed to RT and 
stirred overnight under N2. The colour of the mixture changed to red. The reaction was 
quenched with water ice after 24 h. The solvent was evaporated and water (10 mL) was 
added in the residue. The mixture was extracted with DCM (3 x 25 mL), and the combined 
organic layers were dried over MgSO4, filtered and evaporated. The sticky yellow colour 
solid (0.20 g, 68%) was afforded. δH (CDCl3, 400 MHz) 7.40 (2H, d, J=8 Hz), 7.02 (2H, d, 
J=8 Hz), 1.34 (9H, s), δF (CDCl3, 376 MHz) 67.86 (1F, t, J=22.56 Hz), 6.58 (1F, d, J=11.28 
Hz), (-0.80) (1F, d, J=18.8 Hz), GC-MS (EI) m/z: 297.1(M
+), νmax/cm
-1
(film) 3092, 2963, 
1660, 1602, 1502, 1467, 1245, 1206, 1174, 1071, 983, 833, 813. The compound 281 was 
formed instead of desired compound 280.  
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7.6.5. Attempted reaction of hexafluorobenzene with 4-tert-butylphenol 
 
 
 
A stirred suspension of sodium hydride (6 mmol, 0.24 g, 60% dispersion in mineral oil) in 
dry THF (2 mL) was treated with hexafluorobenzene (3 mmol, 0.34 mL), followed by 
dropwise addition of 4-tert-butylphenol (6 mmol, 0.90 g) in dry THF (2 mL). The mixture 
was stirred at RT overnight under N2. The reaction was quenched with water ice after 24h. 
The solvent was evaporated on a rotary evaporator and water (10 mL) was added to the 
residue. The mixture was extracted with DCM (3 x 25 mL) and the combined organic layers 
were dried over MgSO4, filtered and evaporated. A solid (0.64 g, 68%, m.p. 95 
o
C) was 
afforded.  δH (CDCl3, 400 MHz) 7.28 (2H, t, J =7.2 Hz), 6.80 (2H, d, J=8.8 Hz),  1.32 (9H, 
s),  δF (CDCl3, 376 MHz) 8.00-7.94 (2F, m), 1.68 (1F, t, J=22.56 Hz), (-.26)-(-0.40) (2F, m), 
HRMS (ESI) m/z found 315.0799, C16H12F5O, requires 315.0814, νmax/cm
-1
(film) 3214, 2961, 
1598, 1515, 1457, 1362, 1242, 1183, 1112, 827. The mono-substituted compound 284 was 
formed.  
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7.6.6. Reaction of decafluorobiphenyl with 4-tert-butylphenol 
 
 
A stirred suspension of sodium hydride (6 mmol, 0.24 g, 60% dispersion in mineral oil) in 
dry THF (3 mL) was treated with decafluorobiphenyl (3 mmol, 1.00 g) in dry THF (5 mL) 
followed by dropwise addition of 4-tert-butylphenol (6 mmol, 0.90 g) in dry THF (2 mL). 
The mixture was stirred at RT overnight under N2. The reaction was quenched with water ice. 
The solvent was evaporated and water (10 mL) was added in the residue. The aqueous 
mixture was extracted with DCM (3 x 25 mL) and the combined organic layers were dried 
over MgSO4, filtered and evaporated. The compound 285 (1.96 g, 48%) was  afforded as an 
oil. δH (CDCl3, 400 MHz) 7.42 (2H, d, J=8 Hz), 7.03 (2H, d, J=8 Hz), 1.35 (9H, s), δF 
(CDCl3, 376 MHz) 23.66-23.53 (4F, m), 8.84-8.79 (4F, m), GC-MS (EI) m/z 594.3(M
+
), 
νmax/cm
-1
(film) 3619, 2963, 2748, 1649, 1603, 1491, 1365, 1014, 830, 726. The reaction was 
successful to form desired compound 285. 
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7.6.7. Attempted reaction of 4-tert-butylbenzenethiol with copper bromide 
 
 
A solution of copper bromide (4.2 mmol, 0.93 g) in dry CH3CN (5 mL) was dropwise treated 
with 4-tert-butylbenzenethiol (1 mmol, 0.16 mL). The mixture was stirred at RT overnight 
under N2. The reaction was stopped after 24 h. The solvent was evaporated and water (20 
mL) was added in the residue. The mixture was passed through celite bed and washed 
thoroughly with ethyl acetate. The organic layer was separated and washed with brine (2 x 10 
mL) and dried over Na2SO4, filtered and evaporated. The material (0.12 g) was afforded as 
white crystalline solid. δH (CDCl3, 400 MHz) 7.44 (2H, d, J=8 Hz), 7.32 (2H, d, J=8.4 Hz), 
1.28 (9H, s), GC-MS (EI) m/z: 330.3[M
+
].  The GC-MS showed that diphenyl disulfide 290 
formed instead of the desired compound 289. 
7.6.8. Attempted reaction of diphenyl disulfide with copper bromide 
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A solution of copper (II) bromide (12 mmol, 2.67 g) in dry acetonitrile (5 mL) was treated 
dropwise with diphenyl disulohide (2 mmol, 0.33 mL). The mixture was stirred at RT 
overnight under N2. The reaction was stopped after 24 h and the solvent was evaporated. 
Water (10 mL) was added to the residue. The mixture was passed through a celite bed and 
washed thoroughly with ethyl acetate. The organic layer was washed with brine (2 x 10 mL) 
and dried over Na2SO4, filtered and evaporated to dryness. The sticky material (0.43 g) was 
afforded as the starting material 290. δH (400 MHz, CDCl3) 7.62 (2H, d, J=8.8 Hz), 7.47 (2H, 
d, J =8.4 Hz), 1.44 (9 H, s), GC-MS (EI) m/z 330.1(M+). The reaction was unsuccessful to 
form desired compound 291 and starting material 290 was recovered unchanged. The 
reaction was also attempted at 80 
o
C overnight. The reaction was unsuccessful and starting 
material 290 was recovered. 
7.6.9. Reaction of disulfur dichloride with potassium phthalimide  
 
 
 
A stirred suspension of potassium phthalimide (28 mmol, 5.11 g) in CH2Cl2 (25 mL) at 0 
o
C 
was treated with a solution of S2Cl2 (14 mmol, 1.1 mL) in CH2Cl2 (5 mL). The reaction was 
warmed at RT then heated briefly to reflux. After 3 h the reaction mixture was filtered. The 
filtrate was evaporated under vacuum and the residue washed with petroleum ether (2 x 10 
mL) and water (2 x 10 mL) and dried in vacuum. The desired compound 294 was 
recrystallized from CHCl3 and afforded the title compound 294, (4.30 g, 43%, m.p. 231-233 
o
C). (lit. 229-230 
oC). δH (CDCl3, 400 MHz) 7.99 (2H, dd, J=5.2 and 3.2 Hz), 7.86 (2H, dd, 
J=5.6 and 3.2 Hz), νmax/cm
-1
(film) 3583, 1786, 1744, 1711, 1465, 1262, 1241, 1160, 1140, 
1031, 864, 800, 712. The data was in agreement with literature values.
144,145
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7.7.0. Attempted reaction of 4-pentylbromobenzene with 2,2'-
disulfanediylbis(isoindoline-1,3-dione) 
  
 
A solution of 4-pentylbromobenzene (1 mmol, 0.17 mL) in THF (5 mL) was treated with 
magnesium powder (1.1 mmol, 0.02 g) and the mixture was heated under reflux for one hour. 
Into the stirring mixture dropwise added compound 294 (1 mmol, 0.35 g) in dry THF (2 mL). 
The mixture was stirred at RT overnight under N2. The reaction was quenched with water ice 
and stopped after 24 h. The solvent was evaporated and water (10 mL) was added to the 
residue. The aqueous mixture was extracted with DCM (3 x 25 mL) and the combined 
organic layers were dried over MgSO4, filtered and evaporated. A white solid (0.53 g) was 
afforded. δH (400 MHz, CDCl3) 7.99-7.97 (2H, m), 7.85-7.83 (2H, m), 7.42-7.39 (2H, m), 
7.08 (2H, d, J=8.4Hz), 2.57 (2H, t, J=8Hz), 1.64-1.57 (2H, m), 1.33-1.30 (4H, m), 0.91 (6H, 
t, J= 8 Hz), GC-MS (EI) m/z 226.0(M
+), νmax/cm
-1 
(film) 3583, 2921, 2851, 1787, 1747, 1713, 
1687, 1466, 1264, 1244, 1162, 1034, 865, 799, 713. The reaction was unsuccessful under 
these conditions. 
The above reaction was also carried out with n-butyllithium at -78
 o
C under N2. The sticky 
solid (0.10 g) was collected by suction filtration and washed with H2O and EtOH. δH (400 
MHz, CDCl3) 7.91-7.89 (2H, m), 7.80-7.78 (2H, m), GC-MS (EI) m/z 147.2 [M
+
]. 
(phthalimide MW=147). The EtOH washings were evaporated, and a solid (0.10 g) was 
afforded. 
 δH (400 MHz, CDCl3):  8.00 (NH, s), 7.92-7.89 (2H, m), 7.80-7.78 (2H, m), 7.11 
(4H, s), 2.62-2.57 (4H, m), 1.63-1.57 (4H, m), 1.42-1.35 (8H, m), 0.97-0.90 (6H, m). GC-MS 
(EI) m/z 204.3[M
+], νmax/cm
-1 
(film) 3583, 3199, 2955, 2925, 2854, 1773, 1751, 1605, 1513, 
1466, 1376, 1307, 1140, 1090, 1053, 793, 713. The aqueous layer was extracted with DCM 
(3 x 25 mL) and a solid (0.05 g) was afforded. The extracted solid (0.05 g) had the same data 
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as the solid from the EtOH washings. The m/z 204 indicated that compound 298 was formed. 
The reaction was unsuccessful to form desired compound 297. 
 
7.7.1. Attempted reaction of 4-((4-(tert-butyl)phenyl)thio)-2,3,5,6-
tetrafluoropyridine with copper bromide 
 
 
A solution of the compound 263 (1 mmol, 0.31 g) in dry acetonitrile (3 mL) was treated with 
copper bromide (4 mmol, 0.89 g) in dry acetonitrile (5 mL). The mixture was stirred at RT 
overnight under N2. The solvent was evaporated and H2O (20 mL) was added to the residue. 
The aqueous mixture was passed through celite and the solids washed thoroughly with ethyl 
acetate. The organic layer was washed with brine (2 x 5 mL), and dried over Na2SO4, filtered 
and evaporated. A sticky colourless material (0.12 g) was afforded. δH (CDCl3, 400 MHz) 
7.45 (2H, d, J=7.6 Hz), 7.38 (2H, d, J=8 Hz), 1.30 (9H, s), 
 δF (CDCl3, 376 MHz) 71.20-
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71.02 (2F, m), 25.24-25.07 (2F, m). The starting material 263 was recovered unchanged. The 
reaction was unsuccessful to form desired compound 288. 
7.7.2. Attempted reaction of 1,4-bis-(2-bromophenylsulfanyl)tetrafluorobenzene  with 
copper metal 
 
A solution of the compound 193 (1 mmol, 0.52 g) was treated with copper powder (100 
mmol, 6.35 g) in EtOH (10 mL), and was heated under reflux overnight. After 24 h checked 
the TLC, which showed that it was still starting material. Into stirring mixture also added 
toluene (10 mL) to dissolve the starting material. The mixture was refluxed overnight under 
N2. The colour of the mixture changed. The reaction was cooled to RT and evaporated 
solvent. Water (10 mL) was added to the residue to form a solid precipitate. A solid (0.36 g) 
was collected through suction filtration and washed with H2O and EtOH. δH (CDCl3, 400 
MHz) 7.63 (1H, d, J=8 Hz), 7.27 (1H, d, J=8 Hz), 7.16 (2H, t, J= 8 Hz), δF (CDCl3, 376 
MHz) 30.9 (4F, s). The reaction failed to form desired compound 194 and starting material 
193 was recovered. 
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7.7.3. Attempted reaction of 1,4-bis-(2-bromophenylsulfanyl)tetrafluorobenzene  with 
zinc metal 
 
 
A solution of the compound 193 (1 mmol, 0.52 g) was treated with zinc powder (100 mmol, 
6.53 g) in EtOH (10 mL), and was heated under reflux overnight. The reaction was cooled to 
a RT and evaporated solvent. Water (10 mL) was added in the residue to form solid 
precipitates.  A solid (0.38 g) was collected by suction filtration.  δH (CDCl3, 400 MHz) 7.63 
(1H, d, J=8Hz), 7.27 (1H, d, J=8Hz), 7.16 (2H, t, J =8Hz, δF (CDCl3 376MHz) 31.0 (4F, s). 
The reaction was unsuccessful and starting material 193 was recovered unchanged. 
7.7.4. Attempted reaction of 1,4-bis-(2-bromophenylsulfanyl)tetrafluorobenzene with 
magnesium metal 
 
 
 
A solution of the compound 193 (1 mmol, 0.52 g) was treated with magnesium metal (20 
mmol, 0.48 g) in THF (20 mL), and was heated under reflux overnight. The reaction was 
cooled to RT and solvent evaporated. Water (10 mL) was added and the mixture extracted 
with DCM (3 x 25 mL), and the combined organic layers were dried over MgSO4, filtered 
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and evaporated. A sticky yellow material (0.31g) was afforded. A solid (0.13 g, m.p.153-160 
o
C) was obtained after trituration with EtOH.  The EtOH washings were evaporated and 
afforded an oil (0.15 g). The following data was obtained for the solid.  δH  (CDCl3, 400 MHz)  
8.26-8.23 (1H, m), 7.90-7.89 (1H, m), 7.56-7.49 (2H, m), δF  (CDCl3, 376 MHz) 43.69 (1F, 
s), 42.66-42.63 (1F, d, J=8.64 Hz), 27.08-27.00 (1F, m), 24.68-24.61(1F, d, J=26.32 Hz),  
GC-MS (EI) m/z 290.1,
 νmax/cm
-1
(film) 3583, 3390, 3058, 2938, 2871, 1582, 1477, 1439, 
1387, 1303, 1264, 1158, 1063, 1024, 869, 736, 689. The GC-MS of an oil  m/z 346.1. The 
solid and oil remains unidentified. The reaction was unsuccessful under these conditions to 
form desired compound 194. 
7.7.5. Reaction of the dianion of benzenethiol with pentafluoropyridine 
 
 
 
A solution of benzenethiol (2 mmol, 0.22 g) in TMEDA (2 mL) at -20 °C was treated 
dropwise with n-BuLi (4.5 mmol, 1.8 mL). The reaction was stirred at RT overnight under N2 
during which time a solid precipitated. After 24 h pentafluoropyridine (3 mmol, 0.50 g) was 
added into the stirring mixture. The colour of the mixture changed to orange. The mixture 
was stirred overnight at RT under N2. The reaction was quenched with water ice and the 
solvent evaporated. Water (10 mL) was added and the mixture was extracted with 
dichloromethane (3 x 25 mL). The combined organic layers were dried over MgSO4, filtered 
and evaporated. The crude material (0.30 g) was afforded as an oil. A solid (0.01 g) was 
formed after trituration with EtOH and shown to be 308. δH (CDCl3, 400 MHz) 7.54-7.48 
(2H, m), 7.42-7.37 (3H, m), δF (CDCl3, 376 MHz) 71.46-71.40 (2F, m), 25.50-25.40 (2F, m). 
νmax/cm
-1 
(film) 3064, 2927, 1733, 1627, 1577, 1236, 1069, 1022, 949, 889, 737, 687. The 
data suggested that the compound 308 was formed.  
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7.7.6. Attempted dilithiation of benzenethiol and reaction with 
hexafluorobenzene 
 
 
 
A solution of benzenethiol (1 mmol, 0.11 g) in anhydrous TMEDA (2 mL) at -20 °C was 
treated dropwise with n-BuLi (4.4 mmol, 1.76 mL). The reaction was stirred at RT overnight 
under N2 (Scheme 111). The mixture formed a white precipitate. After 24 h 
hexafluorobenzene (2 mmol, 0.37 g) was added into the stirring mixture. The mixture was 
stirred overnight at RT under N2. The colour of the mixture was changed to light yellow. The 
reaction was quenched with water ice and stopped after 24.  The solvent was evaporated on a 
rotary evaporator and water (10 mL) was added in the residue. The aqueous layer was 
extracted with dichloromethane (3 x 25 mL), and the combined organic extract was dried 
over MgSO4, filtered and evaporated on a rotary evaporator. The crude material (0.22 g) was 
afforded as liquid. A white solid (0.02 g, m.p. 110-113 
o
C) was collected by trituration with 
EtOH.  δH (CDCl3, 400 MHz) 7.50-7.48 (2H, d, J=8 Hz), 7.40-7.37 (1H, m), 7.31-7.28 (1H, 
m), 7.25-7.21 (1H, m), δF (CDCl3, 376 MHz) 30.2 (4F, s), GC-MS (EI) m/z 366. The data 
suggested that the compound 314 was formed. 
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7.7.7. Attempted dilithiation of benzenethiol and reaction with 
decafluorobiphenyl 
 
 
 
A solution of benzenethiol (2 mmol, 0.22 g) in TMEDA (1 mL) at -20 °C under N2, was 
treated dropwise with n-butyllithium (4.4 mmol, 1.76 mL). The mixture was stirred overnight 
at RT under N2 (Scheme 113). It formed a white precipitate. Decafluorobiphenyl (1 mmol, 
0.33 g) dissolved in TMEDA (2 mL) was added to the stirred mixture after 24 h.  The 
reaction was stirred overnight at RT. The colour of the mixture changed to light yellow. The 
reaction was quenched with water ice.  The solvent was evaporated and water (10 mL) was 
added to the residue. The aqueous mixture was extracted with dichloromethane (3 x 25 mL) 
and the combined organic extract was dried over MgSO4, filtered and evaporated on rotary 
evaporator. The crude material (0.36 g) was afforded as an oil. A solid (0.12 g, 11%, 91-96 
°C) was collected after trituration with EtOH. The solid was recrystallized from EtOH. δH 
(CDCl3,  400 MHz) 7.48-7.44 (2H, m), 7.33-7.30 (3H, m),  δF (CDCl3, 376 M Hz)  30.36-
30.26 (4F, m), 25.23-25.12 (4F, m), GC-MS (EI) m/z 514,  νmax/cm
-1
(film) 3074, 3060, 1679, 
1637, 1580, 1264, 1240, 1068, 863, 741, 721, 691, 606. The data suggested that the 
compound 318 was formed. 
252 
 
7.7.8. Reaction of benzenethiol dianion with iodomethane 
 
 
Following the method of Pritchard and Smith,
147
 a solution of benzenethiol (9.7 mmol, 1.00 
mL) in TMEDA (15 mL) at -20 °C was treated dropwise with n-butyllithium (1.6 M, 2.1 
mmol, 0.95 mL). The mixture was stirred at RT overnight under N2 (Scheme 110). The 
mixture was cooled to -78 °C after 24 h, and iodomethane (3.8 mmol, 0.54 g) in dry THF (15 
mL) was added. The mixture was stirred at RT for 4 h. The mixture was quenched with water 
ice and the solvent evaporated. Water (10 mL) was added and the mixture was acidified with 
1M HCl. The aqueous mixture was extracted with diethyl ether (3x25 mL) and the combined 
organic extracts were dried over MgSO4, filtered and evaporated. The compound 311 (0.30 g, 
22%) was afforded as an oil.  δH (400 MHz, CDCl3) 7.31-7.14 (4H, m), 2.49 (3H, s), 2.25 
(3H, s), GC-MS (EI) m/z 138 [M
+], νmax/cm
-1
(film) 3058, 2922, 2858, 2769, 1588, 1466, 
1438, 1041, 1029, 745, 690, 775. The data was in agreement with literature values.
147 
7.7.9. Reaction of benezenethiol with diethyl carbamoyl chloride 
 
 
 
A solution of benzenethiol (5 mmol, 0.51 mL) in dichloromethane at RT was treated with 
triethylamine (5.5 mmol, 0.76 mL), followed by dropwise addition of diethyl carbamoyl 
chloride (5.5 mmol, 0.69 mL). The mixture was stirred at RT overnight. The mixture was 
quenched with water ice after 24 h and diluted with dichloromethane (30 mL). The organic 
phase was washed with H2O (3 x 10 mL) and the combined organic layers were dried over 
MgSO4, filtered and evaporated. The crude material (0.48 g, 46%) was purified by column 
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chromatography, as an oil. δH (CDCl3, 400 MHz) 7.50-7.47 (1H, m), 7.41 (1H, d, J=8 Hz), 
7.36-7.35 (1H, m), 7.29 (1H, t, J =8Hz), 7.24-7.21 (1H, m), 3.46-3.39 (4H, m), 1.19 (6H, t, 
J=8 Hz), δC (CDCl3, 100 MHz) 134.0, 129.9, 129.7, 128.1, 126.2, 50.0, 39.9, GC-MS (EI) 
m/z 209[M
+], νmax/cm
-1
(film) 2975, 2934, 1663, 1403, 1247, 1115, 1070, 1024, 853, 747, 689, 
658. The reaction was successful to form desired compound 321. 
7.8.0. Reaction of 4-tert-butylphenol with diethyl carbamoyl chloride 
 
 
 
A stirred suspension of sodium hydride (5.5 mmol, 0.22 g, 60% dispersion in mineral oil) in 
THF (2 mL) at 0 
o
C was treated with 4-tert-butylphenol (5 mmol, 0.75 g) in dry THF (2 mL) 
followed by dropwise addition of diethyl carbamoyl chloride (5.5 mmol, 0.69 mL). The 
mixture was warmed at RT and stirred overnight under N2. The reaction was quenched with 
water ice and stopped after 24 h. The solvent was evaporated and H2O (10 mL) was added to 
form a solid precipitate. A white solid (1.21 g, 97%) was collected by suction filtration. δH  
(CDCl3, 400 MHz) 7.35 (2H, d, J=8 Hz), 7.03 (2H, d, J=8 Hz), 3.40 (4H, d, J=8 Hz), 1.26 
(15H, d, J=8 Hz), GC-MS (EI) m/z 249[M
+], νmax/cm
-1 
(film) 3583, 3406, 3046, 2969, 2931, 
2870, 1708, 1513, 1478, 1419, 1277, 1211, 1177, 1159, 1109, 960, 864, 780. The reaction 
was successful to form desired compound 327. 
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7.8.1. Reaction of 2-bromothiophenol with decafluorobiphenyl 
 
 
 
A stirred suspension of sodium hydride (4.2 mmol, 0.16 g, 60% dispersion in mineral oil) and 
decafluorobiphenyl (2 mmol, 0.66 g) in dry DMF (5 mL), was treated dropwise with 2-
bromothiophenol (4 mmol, 0.46 mL). The mixture was stirred at RT overnight under N2. The 
mixture was quenched with water ice. The solvent was evaporated, and H2O (10 mL) was 
added in the residue. The aqueous mixture was extracted with diethyl ether (3 x 25 mL) and 
the combined organic layers were washed with H2O (2 x 5 mL), dried over MgSO4, filtered 
and evaporated. A white solid (1.54 g, 57%, m.p. 130-135 
o
C) was afforded. The solid was 
recrystallized from toluene and EtOH to give white crystals. δH 
 
(CDCl3, 400 MHz) 7.65 (1H, 
dd, J=8 and 1.2 Hz), 7.30 (1H, dt, J =8 and 1.2 Hz), 7.24 (1H, d, J=6.4 Hz), 7.19 (1H, dt, J=8 
and 1.6 Hz), δF (CDCl3, 376 MHz) 30.85-30.75 (4F, m), 25.45-25.36 (4F, m), δC (CDCl3, 100 
MHz) 148.2 (d, J =12 Hz), 145.6 (t, J =21 Hz), 143.0 (d, J=17 Hz), 133.4, 133.6, 130.8, 
129.1, 128.2, 124.4, 115.7 (t, J=20 Hz), HRMS (ESI) m/z found 672.8363(MH
+
) for 
C25H8
79
Br2F8S2H, requires 672.8358, vmax / cm
-1
(film) 3580, 3063, 1576, 1462, 1447, 1428, 
1244, 1019, 988, 958, 739, 720. The desired compound 330 was formed successfully. 
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7.8.2. Reaction of perfluoro-(1,1ˈ-biphenyl)-4-4ˈ-diyl)bis(1,2-
bromophenyl)sulfane with n-butyllithium 
 
 
 
A solution of the compound 330 (1 mmole, 0.67 g) in dry THF (9 mL) and TMEDA (2.5 mL) 
at -78 
o
C was treated dropwise with n-butyllithium (2.2 mmol, 2.04 M, 1.07 mL).  The colour 
of the mixture was changed from orange to red. The reaction was stirred overnight at RT 
under N2 (Scheme 119). The reaction was quenched with water ice and stopped after 24 h. 
The solvent was evaporated and water (10 mL) was added in the residue. The aqueous layer 
was extracted with dichloromethane (3 x 25 mL) and the combined organic layers were dried 
over MgSO4, filtered and evaporated. The crude material (0.56 g) was afforded as sticky 
solid. A solid  (0.17 g, 14%) was afforded by trituration with diethyl ether. δH (pyridine-d5, 
400 MHz) 8.29-8.27 (2H, m), 7.95-7.92 (2H, m), δF (Pyridine-d5 376 MHz)  41.36-41.23 (2F, 
m), 23.10-22.99 (2F, m), 17.08-16.99 (2F, m), GC-MS (EI) m/z 474, HRMS (ESI) m/z found 
475.0053 (MH
+
) for C24H9F6S2, requires 475.0044, vmax / cm
-1 
(KBr): 3584, 3391, 2917, 
2849, 1630, 1479, 1439, 1394, 1248,1124, 1028, 1017, 916, 866, 761. The reaction was 
successful to form desired compound 317. 
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7.8.3. Attempted reaction of 1,1',2',3,4,4'-hexafluoro-2,3'-
bidibenzo[b,d]thiophene with hexamethyldisilathiane 
 
 
 
A solution of the compound 317 (0.01 mmol, 0.04 g) in dry toluene (1 mL), was treated with 
catalytic amount of cesium fluoride followed by dropwise addition of hexamethyldisilathiane 
(0.5 mmol, 0.10 mL). The reaction was stirred at 100 
o
C overnight under N2. The reaction 
was cooled to RT after 24 h and solvent was evaporated. H2O (10 mL) was added in the 
residue and the aqueous mixture was extracted with ethyl acetate (3 x 25 mL). The combined 
organic layers were dried over MgSO4, filtered and evaporated. A sticky crude material (0.12 
g) was afforded.  The material was purified by column chromatography and a solid (0.04 g) 
was afforded. δH (CDCl3, 400 MHz) 8.39-8.31 (1H, m), 7.88-7.81 (1H, m), 7.55-7.44 (2H, 
m), δF  (CDCl3, 376 MHz) 22.06-21.99 (1F, m), 17.7 (1F, d, J=10.15 Hz), HRMS (ESI) m/z: 
the accurate mass ion was not detected. Some data suggested the formation of compound 331 
but the accurate mass ion was not detected. 
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7.8.4. Attempted reaction of 1,1',2',3,4,4'-hexafluoro-2,3'-
bidibenzo[b,d]thiophene with hexamethyldisilaxone 
 
 
 
A solution of the compound 317 (0.01 mmol, 0.04 g) was treated with catalytic amount of 
cesium fluoride in dry toluene (2 mL) followed by dropwise addition of 
hexamethyldisilaxone (0.12 mmol, 0.025 mL). The mixture was reflux overnight under N2. 
The reaction was cooled to RT after 24 h and a solvent was evaporated.  H2O (10 mL) was 
added in the residue and the aqueous mixture was extracted with ethyl acetate (3 x 25 mL). 
The combined organic layers were dried over MgSO4, filtered and evaporated. A solid (0.02 
g) was afforded. δH (CDCl3, 400 MHz) 8.38-8.35 (1H, m), 7.89 (1H, d, J=5.2 Hz), 7.53 (2H, 
d, J=4Hz), δF (CDCl3, 376 MHz) 42.96-42.87 (1F, m), 25.3 (1F, dd, J=17.29 and 4.13 Hz), 
19.01-18.87 (1F, m). HRMS (ESI) m/z: the accurate mass ion was not detected. The reaction 
was unsuccessful and starting material 317 was recovered. 
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7.8.5. Attempted reaction of 1,1',2',3,4,4'-hexafluoro-2,3'-
bidibenzo[b,d]thiophene with hexamethyldisilane 
 
A solution of compound 317 (0.01 mmol, 0.04 g) in toluene (1 mL) was treated with cesium 
fluoride followed by dropwise addition of hexamethyldisilane (0.12 mmol, 0.025 mL). The 
mixture was heated under reflux for 24 h. The reaction was cooled to RT after 24 h and H2O 
(10 mL) was added in the residue. The aqueous mixture was extracted with diethyl ether (3 x 
25 mL) and the combined organic layers were dried over MgSO4, filtered and evaporated. 
The crude material (0.02 g) was afforded. δH (CDCl3, 400 MHz) 8.37 (1H, t, J =4.8 Hz), 7.90 
(1H, t, J=4.8 Hz), 7.56-7.53 (2H, m), δF (CDCl3, 376 MHz) 42.9 (1F, d, J=18.8 Hz), 22.00-
21.87 (1F, m), 19.14-18.94 (1F, m). The aqueous layer was also extracted with ethyl acetate 
(3 x 25 mL), and the combined organic layers were dried over MgSO4, filtered and 
evaporated. The crude material (0.01g) was afforded. δH (CDCl3, 400 MHz) 8.37 (1H, t, 
J=4.8 Hz), 7.89 (1H, t, J=5.2 Hz), 7.56-7.50 (2H, m), δF (CDCl3, 376 MHz) 42.9 (1F, dd, 
J=11.65 and 5.64 Hz), 25.3 (1F, dd, J=17.29 and 4.13 Hz),  18.9 (1F, t, J=19.55 Hz), HRMS 
(ESI) m/z: the accurate mass ion was not detected. The reaction was unsuccessful under these 
conditions and starting material 317 was recovered. 
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7.8.6. Attempted reaction of 1,1',2',3,4,4'-hexafluoro-2,3'-
bidibenzo[b,d]thiophene with n-heptylamine 
 
 
 
A solution of the compound 317 (0.01 mmol, 0.04 g) was treated with n-heptylamine (14 
mmol, 1.61 g, 2.0 mL). The mixture was stirred at 150 
o
C under N2 for 72 h. The reaction 
was cooled to RT and stopped. The mixture was diluted with diethyl ether (10 mL) and was 
added IM HCl (5 mL). The aqueous mixture was extracted with diethyl ether (3 x 25 mL). 
The combined organic layers were first washed with 1M HCl (2 x 5 mL) and then H2O (2 x 5 
mL) and dried over MgSO4, filtered and evaporated. The sticky material (0.21 g) was 
afforded. A solid (0.02 g) was collected by trituration with ethanol, identified as starting 
material 317. A sticky solid (0.02 g) was also afforded by evaporating ethanol washing. The 
overall yield was 50%. δH (CDCl3, 400 MHz) 8.19-8.17 (1H, m), 7.85-7.82 (1H, m), 7.44-
7.39 (2H, m), 3.34-3.19 (2H, m), 1.45-1.42 (2H, m), 1.15-1.10 (8H, m), 0.76 (3H, t, J=7.2 
Hz),   δF (CDCl3, 376 MHz) 42.4 (2F, d, J=15.04 Hz), 25.6 (2 F, d, J =18.8 Hz), HRMS (ESI) 
m/z: the accurate mass ion was not detected, vmax / cm
-1
(film) 3584, 3392, 3061, 2955, 2923, 
2850, 1629, 1466, 1561, 1454. Some data suggested that it formed compound 341.  
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7.8.7. Reaction of decafluorobiphenyl with 2-bromophenol 
 
 
 
A stirred suspension of sodium hydride (3 mmol, 0.12 g) in dry DMF (3 mL), was treated 
with decafluorobiphenyl (1 mmol, 0.33 g) in dry DMF (3 mL), followed by dropwise 
addition of 2-bromophenol (2 mmol, 0.20 mL). The mixture was stirred at 80 
o
C overnight 
under N2. The reaction was quenched with water ice and stopped after 24 h. The solvent was 
evaporated on a rotary evaporator. To form solid precipitates water (10 mL) was added to the 
residue. The solid formed was collected through suction filtration and washed with H2O and 
EtOH. A solid (0.40 g, 62%, 137 
oC) was afforded.  δH (CDCl3, 400 MHz) 7.66 (1H, d, J=8 
Hz), 7.30 (1H, t, J=4 Hz), 7.05 (1H, t, J=8 Hz), 6.90 (1H, d, J =8 Hz), δF (CDCl3, 376 MHz) 
24.22-22.14 (4F, m), 8.84-8.80 (4F, d, J=15.04 Hz), δC (CDCl3, 100 MHz) 153.5, 144.9 ( dd, 
J =253 and 19 Hz), 141.3 (dd, J =252 and 14 Hz), 135.4 ( t, J =12 Hz), 134.2, 128.7, 125.6, 
116.2,112.3, 102.6 (t, J=15Hz), HRMS (ESI) m/z: found 639.8735(MH
+
) for C24H8
79
Br2F8O2, 
requires 639.8739 and negative found 636.8702(MH
-
) for C24H7
79
Br2F8O2
 
requires 636.8691, 
vmax / cm
-1 
(film) 3069, 2925, 2854, 1732, 1647, 1577, 1487, 1472, 1443, 1266, 1218, 1074, 
983, 754, 724. The desired compound 342 was formed successfully. 
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7.8.8. Reaction of 4,4'-bis(2-bromophenoxy)-2,2',3,3',5,5',6,6'-octafluoro-
1,1'-biphenyl with n-butyllithium 
 
 
 
A solution of the compound 342 (0.5 mmol, 0.32 g) in dry THF (2 mL) at -78
 o
C was treated 
dropwise with n-butyllithium (1.5 mmol, 0.6 mL). The colour of the mixture changed to  
orange. The mixture was warmed to RT and stirred overnight under N2. The reaction was 
quenched with water ice after 24 h. Solvent was evaporated and H2O (10 mL) was added in 
the residue. The aqueous mixture was extracted with DCM (3 x 25 mL). The combined 
organic layers were dried over MgSO4, filtered and evaporated. The crude material (0.09 g) 
was afforded as an oil. The aqueous layer was also extracted with ethyl acetate (3 x 25 mL) 
and the combined organic layers were dried over MgSO4, filtered and evaporated. A white 
solid (0.22 g, 91%, m.p. 251.1-253.4 
oC) was afforded. δH 
 
(DMSO-d6 , 400 MHz) 9.99 (1H, 
s), 7.32-7.26 (2H, m), 7.01 (1H, d, J=8 Hz), 6.91(1H, t, J=8 Hz), δF 
 
(DMSO-d6, 376 MHz) 
22.48-22.41 (4F, m), 22.12-21.97 (4F, m), δC (DMSO-d6, 100 MHz) 155.7, 144.0 (dd, J= 
237.4 and 24.8 Hz), 131.7, 120.8 (t, J =19.1 Hz), 119.5, 116.5, 113.6, 105.6 (t, J=15.2 Hz), 
HRMS (ESI) m/z:  found 483.0627(MH
+
) for C24H10F8O2H, requires 483.0626, vmax / cm
-1 
(film) 3583, 1442, 1289, 992, 968, 891, 757, 721. EA fits for dihydrate compound 
(C24H10F8O2.2H2O), found %C=55.57, %H=2.22, %N=0.18. The rearranged compound 343 
was formed successfully. 
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7.8.9. Cyclisation of 2',2'',3',3'',5',5'',6',6''-octafluoro-[1,1':4',1'':4'',1'''-
quaterphenyl]-2,2'''-diol 
 
 
 
A stirred suspension of sodium hydride (0.25 mmol, 0.01 g, 60% dispersion in mineral oil) in 
dry DMF (1 mL), was treated with compound 343 (0.01 mmol, 0.04 g) dissolved in dry DMF 
(3 mL). The mixture was stirred at 80 
o
C under N2 for 3 h. The reaction was quenched with 
water ice and stopped after 24 h. A solvent was evaporated and water (10 mL) was added to 
the residue. A grey coloured solid (0.04 g, 95%, m. p. 250 
o
C) was collected through suction 
filtration. δH (CDCl3, 400 MHz) 8.14 (1H, d, J=8 Hz), 7.67-7.58 (2H, m), 7.46 (1H, t, J=8 
Hz), δF (CDCl3, 376 MHz) 24.83-24.77 (1F, m), 19.97-19.91 (1F, m), 14.86 (1F, t, J=15Hz), 
HRMS (ESI) m/z: found 443.0542(MH
+
) for C24H8F6O2, requires 443.0501 and negative 
found 441.0331(MH
-
) for C24H7F6O2, requires 441.0345, vmax / cm
-1
(film) 3583, 2923, 1447, 
1254, 749. The desired cyclized compound 344 was formed. 
7.9.0. Reaction of 4-pentylphenol with copper bromide 
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A solution of copper bromide (4.2 mmol, 0.93 g) in acetonitrile (5 mL) was treated dropwise 
with 4-pentylphenyl (1 mmol, 0.17 mL). The mixture was stirred at RT overnight under N2. 
The reaction was stopped after 24 h and a solvent was evaporated. Water (20 mL) was added 
in the residue. The aqueous mixture was passed through celite bed and washed thoroughly 
with ethyl acetate. The organic layer was washed with brine and dried over Na2SO4, filtered 
and evaporated to dryness. The compound 346 (0.20 g, 83%) was afforded as an oil.
155
 δH 
(400 MHz, CDCl3) 7.30 (1H, d, J=2 Hz), 7.04 (1H, dd, J=8 and 2 Hz), 6.96 (1H, d, J=8.4 
Hz), 5.77 (1H, s), 2.53 (2H, t, J=7.2 Hz), 1.63-1.55 (2H, m), 1.39-1.33 (4H, m), 0.92 (3H, t, 
J=7.2 Hz), δC (CDCl3, 100 MHz) 150.1, 136.6, 131.5, 129.1, 115.7, 109.8, 34.7, 31.3, 31.2, 
22.5, 14.1. νmax/cm
-1 
(film) 3518, 3031, 2956, 2856, 1884, 1607, 1581, 1415, 1039, 874,820, 
779, 725, 693. The collected data was in agreement with the literature values.
155 
7.9.1. Reaction of decafluorobiphenyl with 2-bromo-4-pentylphenol  
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A stirred suspension of sodium hydride (1.5 mmol, 0.06 g, 60% dispersion in mineral oil) in  
DMF (2 mL), was treated with decafluorobiphenyl (0.5 mmol, 0.16 g) in dry DMF (2 mL), 
followed by dropwise addition of 2-bromo-4-pentylphenol (1mmol, 0.24 g) in dry DMF (2 
mL). The mixture was stirred at 80 
o
C overnight under N2. The colour of the mixture changed 
to red. The reaction was quenched with water ice and stopped after 24 h. The solvent was 
evaporated and water (10 mL) was added in the residue. The aqueous mixture was extracted 
with DCM (3 x 25 mL), and the combined organic layers were dried over MgSO4, filtered 
and evaporated. A sticky yellow material (0.48 g) was afforded. The product was purified by 
column chromatography and preparative TLC. The desired compound 348 (0.13 g, 16%) was 
afforded as an oil. δH (400 MHz, CDCl3) 7.45 (1H, d, J=1.6 Hz), 7.07 (1H, dd, J=8.4 and 2.4 
Hz), 6.80 (1H, d, J=8.4 Hz), 2.56 (2H, t, J=7.6 Hz), 1.62-1.55 (4H, m), 1.35-1.29 (2H, m), 
0.88 (3H, t, J=7.2 Hz), δF (376 MHz, CDCl3) 23.95-23.88 (2F, m), 8.60-8.47 (2F, m), δC (100 
MHz, CDCl3) 151.6,  145.0 (dd, J=250 , 11 Hz), 141.0 (dd, J=260 , 15 Hz), 140.9, 135.7 (t, 
J=12 Hz), 133.7, 128.3, 116.2, 112.0, 34.9, 31.4, 31.0, 22.5, 14.0, HRMS (ESI) m/z: found 
777.0284(MH
+
) for C34H28
79
Br2F8O2, requires 777.0256 and negative found 777.0289(MH
-
) 
for C34H27
79
BrF8O2, requires 777.0245, vmax / cm
-1 
(film) 2928, 1484, 1226, 1075, 983. A 
mono-substituted compound 347 was identified with five fluorine signals, δF (376 MHz, 
CDCl3) 24.64 (2F, d, J=18.8 Hz), 24.31 (2F, d, J=17.29 Hz), 17.56 (1F, d, J=10.15 Hz), 
10.37 (2F, d, J=22.93 Hz), 8.28-8.20 (2F, m). The desired compound 348 was formed 
successfully 
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7.9.2. Attempted Reaction of 4-pentylphenol with pentafluoropyridine 
 
 
 
A solution of 4-pentylphenol (1 mmol, 0.16 g) at -78 
o
C was treated dropwise with n-
butyllithium (2.2 mmol, 1.1 mL). The mixture was warmed to RT for 30 min. In to stirring 
mixture dropwise added pentafluoropyridine (2 mmol, 0.33 g) at -78 
o
C. The reaction was 
stirred overnight at RT under N2. The reaction was quenched with water ice and stopped after 
24 h. The solvent was evaporated and water (10 mL) was added in the residue. The aqueous 
mixture was extracted with DCM (3 x 25 mL), and the combined organic layers were dried 
over MgSO4, filtered and evaporated. The crude material (0.68 g) was afforded as an oil. The 
product was purified by column chromatography. The compound 353 (0.09 g, 29%) was 
afforded as an oil. δH (CDCl3, 400 MHz) 7.19 (2H, d, J=8.4 Hz), 6.98 (2H, d, J=8.4 Hz), 2.60 
(2H, t, J=8 Hz), 1.34-1.32 (6H, m), 0.90 (3H, t, J=6.8 Hz), δF (CDCl3, 376 MHz) 72.91-72.74 
(2F, m), 7.34-7.18 (2F, m),  νmax/cm
-1
(film) 3583, 3037, 2960, 2932, 2873, 2860, 2569, 2350, 
2172, 1886, 1842, 1642, 1604, 1417, 1379, 1361, 1256, 1198, 1110, 902, 841, 696, 635. 
Some data suggested that the compound 353 was formed. 
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7.9.3. Reaction of 2-bromoaniline with p-toluenesulfonyl chloride 
 
 
 
A solution of 2-bromoaniline (5 mmol, 0.56 mL) in pyridine (2 mL) was added dropwise to a 
stirred solution of p-toluenesulfonyl chloride (5 mmol, 0.95 g) in pyridine (2 mL) under N2, 
and left to stir at RT for 24 h. The solvent was evaporated and H2O (10 mL) was added the 
residue. A white solid formed which was filtered, and dried to give white crystals (1.47 g, 
91%). m.p. 93-95 
oC; δH (400 MHz, CDCl3) 7.69 (1H, d, J=8 Hz), 7.67 (2H, d, J=8 Hz), 7.43 
(1H, dd, J=8.4 and 1.2 Hz), 7.28 (1H, t, J=8 Hz), 7.23 (2H, d, J=8Hz), 7.04 (1H, s), 6.98 (1H, 
t, J=8 Hz), 2.38 (3H, s), δC (100 MHz, CDCl3) 144.2, 135.8, 134.7, 132.5, 129.6, 128.6, 
127.3, 126.2, 122.5, 115.7, 21.6, νmax/ cm
-1
(film) 3269, 1617, 1597, 1478, 1447, 1396,1185, 
912. The desired compound 356 was formed successfully. 
7.9.4. Reaction of pentafluoropyridine with N-(2-bromophenyl)-4-
methylbenzenesulfonamide 
 
 
 
 
A solution of pentafluoropyridine (10 mmol, 1.69 g) in THF (2 mL) and N-(2-bromophenyl)-
4-methylbenzenesulfonamide (2 mmol, 0.65 g) in THF (6 mL) and DMF (2 mL) were added 
dropwise to a stirred suspension of sodium hydride (4 mmol, 0.16 g, 60% dispersion in 
mineral oil) in THF (2 mL) and heated under reflux at 70 °C for 2 h under N2. After 2 h the 
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reaction mixture allowed to stir at RT for 24 h. The solvent was evaporated and then water 
(20 mL) was added to the residue. The aqueous mixture was extracted with DCM (3 x 25 
mL) and the combined organic layers were dried over MgSO4, filtered and evaporated. The 
crude material (1.20 g) was afforded as a dark green oil. The product was purified by column 
chromatography using 9:1 petroleum ether/diethyl ether as eluting solvent. The compound 
357 (0.25 g, 26%, m.p. 109-111 °C) was afforded as a white crystalline solid. δH (400 MHz, 
CDCl3) 8.01 (1H, d, J=8 Hz), 7.56 (2H, d, J=8 Hz), 7.48 (1H, t, J=8 Hz), 7.44 (1H, d, J=8 
Hz), 7.31 (1H, d, J=8 Hz), 7.27 (2H, d, J=8 Hz), 2.43 (3H, s), δC (100 MHz, CDCl3) 145.8, 
143.3 (t, J=19 Hz), 140.0 (dd, J= 263 , 35 Hz), 136.1, 135.4, 134.4, 131.8, 131.1, 130.1, 
128.9, 128.7, 124.5, 21.6, δF (376 MHz, CDCl3) 72.50-72.33 (2F, m), 22.97 (2F, s); HRMS 
(ESI) m/z found 472.9588(MH
-
), C18H10
79
BrF4N2O2S  requires 472.9588; vmax / cm
-1
(film) 
1596, 1589, 1478, 1397, 1337, 1164, 1091. The reaction was successful to form desired 
compound 357. 
7.9.5. Reaction of N-(2-bromophenyl)-4-methyl-N-(perfluoropyridin-4-
yl)benzenesulfonamide with n-butyllithium 
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A stirring solution of the compound 357 (0.5 mmol, 0.23 g) in THF (3 mL) at -78 
o
C under 
N2 was treated dropwise with n-butyllithium in hexane (0.75 mmol, 0.3 mL). The colour 
changed to light yellow. The reaction was stirred overnight under N2 at RT. The mixture was 
quenched with water ice after 24 h. The solvent was evaporated and water (10 mL) was 
added in the residue. The aqueous mixture was extracted with DCM (3 x 25 mL) and the 
combined organic layers were dried over MgSO4, filtered and evaporated. Crude material 
(0.26 g) was afforded. Compound 360 (0.20 g, 54%, m.p. 102-105 
o
C), was isolated after 
column chromatography and preparative TLC. δH (CDCl3, 400 MHz) 7.61-7.52 (2H, m), 7.47 
(1H, t, J=7.6 Hz), 7.37 (2H, d, J=8.4 Hz), 7.27 (1H, d, J=7.6 Hz), 7.16 (2H, d, J=8 Hz), 6.37 
(NH, s), 2.43 (3H, s), δF (CDCl3, 376 MHz) 72.36-72.14 (2F, m), 21.33-21.12 (2F, m), δC 
(CDCl3, 100 MHz) 144.4, 143.4 (dd, J=244, 33 Hz), 139.0 (dd, J=257, 34 Hz), 135.7, 133.6, 
131.7, 130.9, 130.81-130.48 (m), 129.7, 129.1, 128.1, 126.7, 123.8, 21.4, vmax / cm
-1
(film) 
3584, 3292, 2917, 2849, 1649, 1469, 1388, 1340, 1168, 1157, 1091, 966, 672, HRMS (ESI) 
m/z: 397.0624(MH
+
) C18H13F4N2O2S requires 397.0628. A by-product 359 (0.02 g, 4%) was 
also identified. δH (CDCl3, 400 MHz)  7.66 (1H, d, J=7.6 Hz), 7.54 (1H, td, J=7.6, 1.6 Hz), 
7.40 (1H, td, J=7.6, 2.8 Hz), 7.33 (2H, d, J=6.8 Hz), 7.23 (1H, d, J=8 Hz), 7.12 (2H, d, J=8 
Hz), 6.40 (1H, s), 2.76-2.71 (2H, m), 2.41 (3H, s), 1.75-1.67 (2H, m), 1.48-1.39 (2H, m), 1.00 
(3H, t, J=7.2 Hz), δF (CDCl3, 376 MHz) 75.32-75.13 (1F, m), 31.47-31.39 (1F, d, J=30.08 
Hz), 18.72 (1F, d, J=30.08 Hz), δC (CDCl3, 100 MHz) 150.5 (ddd, J=251, 4, 1 Hz), 147.0 
(dd, J=240, 20 Hz), 144.0, 142.3-141.9 (m), 139.6 (dd, J=240, 20 Hz), 135.9, 134.6, 131.2, 
131.1, 129.6, 128.7, 127.4, 126.5, 126.2-125.9 (m), 30.2, 29.7, 29.3, 22.4, 21.4, 13.8. vmax / 
cm
-1
(film): 3584, 3266, 3067, 2959, 2929, 2872, 1630, 1598, 1496, 1463, 1438, 1338, 1290, 
1164, 1092, 942, 926. HRMS (ESI) m/z: the accurate mass ion was not detected. The reaction 
was successful to form the rearranged product 360 and by product 359 was also identified. 
7.9.6. Cyclization of rearrangement product 360 with sodium hydride 
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A stirred suspension of sodium hydride (0.5 mmol, 0.02 g, 60% dispersion in mineral oil) in 
dry DMF (1 mL), was treated with compound 360 (0.25 mmol, 0.09 g) in dry DMF (2 mL). 
The mixture was stirred at 80 
o
C under N2 for 3 h. The reaction was quenched with water ice. 
The solvent was evaporated and H2O (10 mL) was added in the residue. The mixture was 
extracted with DCM (3 x 25 mL) and combined organic layers were dried over MgSO4, 
filtered and evaporated. The dark crude material (0.08 g) was purified by preparative TLC to 
give compound 361(0.01 g, 11%), δH (CDCl3, 400 MHz) 8.51 (1H, d, J=8.8 Hz), 8.15 (1H, d, 
J=8.8 Hz), 7.78 (2 H, d, J=8 Hz), 7.50 (1 H, t, J=8 Hz), 7.23 (2 H, d, J=8.4 Hz), 0.88 (3 H, t, 
J=6.4 Hz), δF (CDCl3, 376 MHz) 91.5 (1F, m), 65.3 (1F, m), 8.5 (1F, m),  HRMS (ESI) m/z 
found 376.0461, for C18H11F3N2O2S, requires 376.0488. The by-product 362 with butyl group 
at the C-2 gave the following data. δH (CDCl3, 400 MHz) 8.51 (1H, d, J=8.8 Hz), 8.14 (1H, d, 
J=8 Hz), 7.83 (2 H, d, J=8.8 Hz), 7.70 (1H, t, J=8 Hz), 7.48 (1H, t, J=8 Hz), 7.23 (2H, d, J=8 
Hz), 2.85-2.81 (2H, m), 1.74-1.66 (2H, m), 1.42-1.34 (2H, m), 0.93 (3H, t, J=7.6 Hz), 0.85 
(3H, t, J=6.8 Hz), δF (CDCl3, 376 MHz) 92.4 (1F, d, J=35 Hz), 22.9 (1F, d, J=35 Hz), vmax / 
cm
-1 
(film) 3583, 2099, 1634, 1109, 1012. The target compound 361 was formed successfully 
and by-product 362 identified. 
7.9.7. Attempted reaction of I-(2-bromophenyl)-4-methyl-I-
(perfluoropyridin-4-yl)benzenesulfonamide with hexafluorobenzene 
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A stirred suspension of sodium hydride (4 mmol, 0.16 g) in dry THF and DMF, was treated 
dropwise with hexafluorobenzene (10 mmol, 1.15 mL), followed by addition of the 
compound 356 (2 mmol, 0.65 g), and in dry THF and DMF. The mixture was stirred at 80
 o
C 
overnight under N2. The mixture was quenched with water ice after 24 h. The solvent was 
evaporated and water (10 mL) was added to the residue. The mixture was extracted with 
DCM (3 x 25 mL) and the combined organic layers were dried over MgSO4, filtered and 
evaporated. A white solid (1.39 g, 94%, m.p. 93-95 
o
C) was afforded. δH (CDCl3, 400 MHz)
 
 
7.66 (1H, dd, J =8 and 1.6 Hz), 7.65 (2H, d, J =8.4 Hz), 7.42 (2H, dd, J=8.4 and 1.6 Hz), 7.26 
(1H, t, J=8Hz), 7.22 (2H, d, J=7.6 Hz), 7.07 (1H, s), 6.96 (1H, t, J=8.8 Hz), 2.37 (3H, s),  δF 
(CDCl3, 376 MHz) (-3.34) (1F, t, J=23.31Hz), (-0.86) (2F, t, J=17.67 Hz), (-9.20) (1F, t, 
J=22.56 Hz), HRMS (ESI) m/z: accurate mass ion was not detected, vmax / cm
-1
(film) 3297, 
2918, 1593, 1477, 1397, 1329, 1223, 1164, 1088, 1021, 944, 914, 818, 756, 712, 654.  The 
data suggested that the mono-substituted compound 364 was formed. 
The above reaction was also attempted in dry DMSO at 80 
o
C under N2 giving a compound 
with three fluorine signals, which confirmed mono-substituted product 364. δH (CDCl3, 400 
MHz), 7.54 (1H, dd, J=8 and 4 Hz), 7.18 (2H, t, J=8 Hz), 6.98 (1H, d, J=8 Hz), 6.81 (2H, t, 
J=8 Hz), 6.61(2H, d, J=8 Hz), 1.41(3H, t, J=8 Hz),  δF (CDCl3, 376 MHz), 14.54-14.49 (2F, 
d, J=18.8 Hz), 1.16 (1F, t, J=18.8 Hz), (-0.15)-(-0.26) (2F, m), vmax / cm
-1
(film) 3261, 2924, 
2854, 1463, 1377, 1168, 1047, 812. The data suggested that the mono-substituted compound 
364 was formed. 
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7.9.8. Attempted cyclization of N-(2-bromophenyl)-4-methyl-N-
(pentafluorophenyl)benzenesulfonamide with n-BuLi 
 
 
 
A solution of compound 364 (1 mmol, 0.47 g) in THF (5 mL) at -78 
o
C was treated dropwise 
with n-BuLi (1.2 mmole, 0.5 mL). The reaction was stirred overnight at RT under N2. The 
mixture was quenched with water ice after 24 h. The solvent was evaporated and H2O (10 
mL) was added in the residue. The aqueous mixture was extracted with DCM (3 x 25 mL) 
and the combined organic layers were dried over MgSO4, filtered and evaporated. Column 
chromatography of the sticky material (0.34 g) formed, eluting with petroleum ether: diethyl 
ether and then ethyl acetate gave a white crystalline solid (0.16 g) as main fraction. δH 
(CDCl3, 400 MHz) 7.67 (2H, d, J=8 Hz), 7.44 (1H, dd, J=8 , 1.2 Hz), 7.29 (1H, t, J=8.4 Hz), 
7.24 (2H, d, J=8 Hz), 7.00-6.96 (2H, m), 2.39 (2H, s), The reaction was unsuccessful to form 
desired compound 365 or 366 and the starting material 356 was recovered. 
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7.9.9. Attempted reaction of N-(2-bromophenyl)-4-
methylbenzenesulfonamide with decafluorobiphenyl 
 
 
A stirred suspension of sodium hydride (6 mmol, 0.24 g, 60% dispersion in mineral oil) in 
dry THF and DMF, was treated with decafluorobiphenyl (1 mmol, 0.33 g) in dry THF (3 
mL), followed by dropwise addition of compound 356 (4 mmol, 1.30 g) in dry THF (5 mL). 
The reaction was stirred at 70 
o
C overnight under N2. The mixture was quenched with water 
ice and stopped after 24 h. The solvent was evaporated and water (10 mL) was added. The 
mixture was extracted with diethyl ether (3 x 25 mL) and the combined organic layers were 
washed with H2O (2 x 10 mL) and dried over MgSO4, filtered and evaporated. A sticky 
material (0.24 g) was afforded. A white solid (0.08 g) was collected after triturating with 
ethanol. The aqueous layer was filtered and afforded a solid, (0.26 g, m.p. 88-94 
o
C). The 
overall yield was 50%. δH (CDCl3, 400 MHz) 7.70 (1H, d, J=4 Hz), 7.67 (2H, d, J=8 Hz), 
7.44 (1H, dd, J=8 , 1.2 Hz),  7.29 (1H, d, J=8 Hz), 7.24 (1H, d, J=8 Hz),  6.94 (1H, t, J=8 
Hz), 2.40 (3H, s). δF (CDCl3, 376 MHz) 23.77-23.69 ( 2F, m), 17.44-17.18 (2F, m), 8.25-8.07 
(1F, m), (-0.26)-(-0.30) (2F, t, J =15.79 Hz), (-6.82)-(-6.84) (2 F, d, J=7.52 Hz). δC (CDCl3 
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100 MHz) 144.2, 135.8, 134.7, 132.5, 129.6, 128.5, 127.3, 126.2, 122.5, 115.7, 21.6, (
13
C-
19
F 
signals were not detected), HRMS (ESI) m/z; accurate mass ion was not detected, vmax / cm
-1 
(film) 3268, 2924, 2854, 1918, 1651, 1589, 1467, 1378, 1169, 1090, 912. The data suggested 
that the mono-substituted compound 368 was formed. 
7.1.0.0. Attempted cyclization of N-(2-bromophenyl)-4-methyl-N-
(nonafluoro-[1,1'-biphenyl]-4-yl)benzenesulfonamide 
 
 
 
A solution of the compound 368 (0.15 mmol, 0.09 g) in THF (2 mL) at -78 
o
C, was treated 
dropwise with n-BuLi (0.2 mmol, 0.08 mL). The mixture was stirred at RT overnight. The 
reaction was quenched with water ice and stopped after 24 h. The solvent was evaporated and 
water (10 mL) was added in the residue. The aqueous mixture was extracted with DCM (3 x 
25 mL) and the combined organic layers were dried over MgSO4, filtered and evaporated. A 
sticky material (0.16 g) was afforded. δH (CDCl3, 400 MHz) 7.67-7.62 (2H, m), 7.39 (1H, dd, 
J=8.4 , 1.2 Hz), 7.24 (1H, t, J=8 Hz), 7.19 (2H, d, J=8 Hz), 7.09-7.03 (1 H, m), 6.94 (1H , t, 
J=7.6 Hz), 2.34 (3 H, s),  vmax / cm
-1
(film) 3337, 2920, 2850, 2107, 1642, 1597, 1478, 1450, 
1397, 1336, 1162, 1091, 914, 813, 753, 665. The data suggested that the reaction was 
unsuccessful to form desired compound 369 and starting sulfonylamide 356 was recovered. 
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7.1.0.1. Reaction of aniline with p-toluenesulfonyl chloride 
 
 
 A solution of p-toluenesulfonyl chloride (5 mmol, 0.95 g) in pyridine (1 mL), was treated 
dropwise with aniline (5 mmol, 0.56 mL). The colour of the mixture was changed to red. The 
mixture was stirred at RT overnight. The solvent was evaporated and water (10 mL) was 
added. The aqueous mixture was extracted with diethyl ether (3 x 25 mL). The combined 
organic layers were washed with 1M HCl (1 x 10 mL) and dried over MgSO4, filtered and 
evaporated. A solid (1.33 g, 92%, m. p. 101-105 
oC) was afforded. δH (CDCl3, 400 MHz) 
7.72 (2H, d, J=8.4 Hz), 7.25 (4 H, d, J=8 Hz), 7.13-7.09 (3 H, m), 2.39 (3 H, m), GC-MS (EI) 
m/z: 247.1[M
+
], HRMS (ESI) m/z: found 248.0742(MH
+
), for C13H14NO2S, requires 
248.0740, νmax/ cm
-1 
(film) 3517, 3257, 3051, 2972, 2921, 1598, 1495, 1412, 1335, 1158, 
1091, 919, 813, 753, 695. The desired compound 372 was formed successfully. 
7.1.0.2. Reaction of 4-methyl-I-phenylbenzenesulfonamide with 
pentafluoropyridine 
 
 
A stirred suspension of sodium hydride (4 mmol, 0.16 g, 60% dispersion in mineral oil) in 
dry THF (6 mL) and DMF (2 mL), was treated with pentafluoropyridine (10 mmol, 1.04 mL), 
followed by dropwise addition of the compound 372 (2 mmol) in THF and DMF. The 
mixture was heated at 70 
o
C for 1 h and then stirred at RT overnight. The reaction was 
quenched with water ice after 24 h. The solvents were evaporated and water (10 mL) was 
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added in the residue. A solid precipitate was formed and collected by suction filtration and 
washed with H2O and EtOH. A white solid (0.60 g, 75%) was afforded. δH (CDCl3, 400 
MHz) 7.64 (2H, d, J=8.4 Hz), 7.40-7.30 (7 H, m), 2.47 (3 H, s), δF (CDCl3, 376 MHz) 73.88-
73.72 (2 F, m), 18.93-18.76 (2 F, m). The reaction was successful under these conditions and 
formed desired compound 373. 
7.1.0.3. Attempted reaction of 4-methyl-N-(perfluoropyridin-4-yl)-N-
phenylbenzenesulfonamide with LDA 
 
 
 
A solution of the compound 373 (1 mmol, 0.39 g), in THF (5 mL) was stirred at -78 
o
C and 
added dropwise LDA (1.2 mmol, 0.62 mL). The colour of the mixture changed to dark red. 
The mixture was warmed at RT and stir overnight under N2. The reaction was quenched with 
water ice after 24 h. The solvent was evaporated and H2O (10 mL) was added to form solid 
precipitates. The solid was collected through suction filtration and washed with H2O and 
EtOH. A solid (0.19 g) was afforded. The EtOH washings were evaporated and afforded 
sticky solid (0.16 g). δH (CDCl3, 400 MHz) 7.64 (2H, d, J=8.4 Hz), 7.42-7.30 (2H, m), 2.47 
(3H, s), δF (CDCl3, 376 MHz) 73.88-72.86 (2F, m), 18.93-18.66 (2F, m). These results 
showed that the starting material 373 was recovered. The reaction was also attempted with n-
BuLi at -78 
o
C under N2 overnight. δH (CDCl3, 400 MHz) 7.64 (2 H, d, J=8.4 Hz), 7.36-7.34 
(5H, m), 7.31 (2H, d, J=8 Hz), 2.80-2.73 (2H, m), 2.46 (3H, s), 1.71-1.63 (2H, m), 1.43-1.34 
(2H, m), 0.95 (3H, t, J=7.6 Hz), δF (CDCl3, 376 MHz) 75.28-75.07 (1F, m), 31.5 (1F, d, 
J=30.08 Hz),  18.7 (1F, d, J=25.94 Hz).  The data suggested that the compound 375 was 
formed. 
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7.1.0.4. Attempted reaction of aniline with diethyl carbamoyl chloride 
 
 
 
A solution of aniline (1 mmol, 0.09 mL) in dry 1,4-dioxane (3 mL), was treated dropwise 
with diethyl carbamoyl chloride (4 mmol, 0.50 mL) in dry 1,4-dioxane (5 mL). The mixture 
was stirred at RT overnight under N2. The solvent was evaporated and water (10 mL) was 
added to the residue. The aqueous material was extracted with DCM (3 x 25 mL) and the 
combined organic layers were dried over MgSO4, filtered and evaporated. The sticky solid, 
(0.54 g) was afforded. A solid (0.19 g, 82-95 
o
C ) was afforded by recrystallization from ethyl 
acetate and petroleum ether. δH (CDCl3, 400 MHz) 9.43(1H, s), 7.68 (1H, s),  7.46-7.36 (2H, 
m), 7.32 (1H, d, J =8 Hz), 7.09-7.04 (1H, m), 3.07-2.99 (4H, m), 1.49-1.45 (6H, m). GC-MS: 
(EI) m/z 212.3, vmax / cm
-1 
(film) 3583, 3324, 2975, 2821, 2775, 2481, 1618, 1596, 1548, 
1497, 1312, 1232, 1202, 1159, 1064, 795, 752. These results suggested that the product was a 
mixture containing the urea 378.  
 
277 
 
7.1.0.5. Reaction of aniline with pivaloyl chloride 
 
 
A solution of aniline (5 mmol, 0.45 mL) in ethyl acetate (5 mL) at 0 
o
C, was treated dropwise 
with pivaloyl chloride (5.5 mmol, 0.67 mL) and triethylamine (5.5 mmol, 0.76 mL). The 
mixture was diluted with ethyl acetate (20 mL). The mixture was stirred at RT overnight 
under N2. The solvent was evaporated and water (20 mL) was added in the residue. The 
aqueous mixture was extracted with ethyl acetate (3 x 25 mL). The combined organic layers 
were washed with brine (2 x 10 mL) and dried over MgSO4, filtered and evaporated. A white 
solid (0.92 g) was afforded with m.p.131-133 
o
C. The solid was recrystallized from ethyl 
acetate and hexane afforded 380, (0.38 g, 43%), m.p. 131.1-134.1 
o
C. (lit. 133.1-133.5
 o
C). 
 
δH
 
(DMSO-d6, 400 MHz) 9.21(1H, s), 7.64 (2H, d, J =8 Hz), 7.29 (2H, t, J=8 Hz), 7.05 (1H, 
t, J=8 Hz), 1.23 (9H, s). The desired compound 380 was synthesised successfully. The data 
was in agreement with literature values.
160 
7.1.0.6. Attempted reaction of pentafluoropyridine with I-phenylpivalamide 
 
 
A stirred suspension of sodium hydride (3 mmol, 0.12 g, 60% dispersion in mineral oil) in 
dry DMF (3 mL)  at 80 
o
C, was treated with pentafluoropyridine (4 mmol, 0.41 mL), 
followed by dropwise addition of compound 380 (2 mmol, 0.35 g)  in DMF (2 mL). The 
mixture was stirred at 80 
o
C for 48 h. The reaction was quenched with water ice, the solvent 
was evaporated, and H2O (10 mL) was added to the residue. The solid formed was collected 
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through suction filtration and washed with H2O, EtOH and DCM. The solid afforded was 
(0.02 g), showed no fluorine NMR signals. The EtOH washings were evaporated and 
afforded an oil (0.09 g).  δH (CDCl3, 400 MHz) δH 7.52 (2H, d, J=8 Hz), 7.25 (2H, t, J=8 Hz), 
7.06 (1H, t, J=8 Hz),1.28 (9H, s), δF (CDCl3, 376 MHz) 65.62-65.28 (2F, m), (-4.81)-(-4.00) 
(2F, m). HRMS (ESI) m/z found 325.0973(MH
+
) for C16H13F4N2O, requires 325.0969. The 
aqueous mixture was extracted with DCM (3 x 25 mL) and the combined organic layers were 
dried over MgSO4, filtered and evaporated. A solid (0.08 g, m.p. 150 
oC) was afforded. δH 
(DMSO-d6, 400 MHz) 7.63 (2H, d, J=8 Hz), 7.24 (2H, t, J=8 Hz), 7.01 (1H, t, J=8 Hz), 1.22 
(9H, s), δF (DMSO-d6, 376 MHz), 64.65-65.40 (2F, m), (-4.08)-(-4.03) (2F, m). The overall 
yield of the oil and the extracted solid was (0.17 g, 26%). The data suggested that the 
compound 381 was formed. 
7.1.0.7. Attempted reaction of the dianion of N-phenylpivalamide with 
pentafluoropyridine 
 
 
A solution of compound 380 (1 mmol, 0.17 g) in TMEDA (3 mL) at -20 
o
C was treated 
dropwise with n-butyllithium (2.5 mmol, 1.38 mL) and stirred for 4 h under these conditions. 
Pentafluoropyridine (2 mmol, 0.33 g) was added into the stirring mixture at 0 
o
C. The colour 
of the mixture changed to red. The reaction was stirred overnight at RT under N2. The 
reaction was quenched with water ice. The solvent was evaporated and water (10 mL) was 
added to the residue. The mixture was extracted with DCM (3 x 25 mL) and the combined 
organic layers were dried over MgSO4, filtered and evaporated. A sticky material (0.35 g) 
was afforded. The product was purified by column chromatography eluting with petroleum 
ether and diethyl ether 10:1, 5:1, 1:1. The main fraction collected was starting material 380, 
(0.11 g). The second fraction was eluted with 5:1 petroleum ether and diethyl ether gave the 
desired compound 383 (0.05 g, 16%), δH (CDCl3, 400 MHz) 7.52 (2H, d, J=8Hz), 7.41-7.31 
(4H, m), 7.32 (2H, t, J=8.4 Hz), 7.08 (1H, t, J=7.6 Hz), 1.30 (9H, s), δF (CDCl3 376 MHz) 
279 
 
74.9 (1F, t, J=25.94 Hz), 33.4 (1F, d, J=27.44 Hz), 19.8 (1F, d, J=21.80 Hz), HRMS (ESI) 
m/z found 307.1053(MH
+
) for C16H14F3N2O, requires 307.1058.The desired compound 383 
formed was in low yield. Some starting material 380 signals were present in the 
1
H NMR 
spectrum. To improve the yield of the desired compound 383, the conditions of the above 
reaction was changed and employed THF at -78 
o
C to form the dianion and 5-equivalents of 
pentafluoropyridine was used. The mixture was stirred at RT for 48 h. A solid (0.18 g, m.p. 
110-114 
o
C) was formed by the addition of water and collected through suction filtration. δH 
(CDCl3, 400 MHz) 7.56 (2H, d, J =8 Hz), 7.34 (2H, t, J =8 Hz), 7.12 (1H, t, J =8 Hz), 1.34 
(9H, s) shown to be starting material 380. The aqueous mixture was extracted with DCM (3 x 
25 mL), separated organic layers and dried over MgSO4, filtered and evaporated. The crude 
material (0.17 g) was afforded as an oil. The compound was purified by flash column 
chromatography and eluting with petroleum ether and diethyl ether 9:1, 3:1 and 1:1. The 
main fraction collected was white solid (0.11 g, m.p. 132- 134 
o
C), shown to be starting 
material 380. The minor fraction (0.04 g) was collected as an oil. δH (CDCl3, 400 MHz) 7.52-
7.45 (4 H, m), 1.34 (9H, s), δF (CDCl3, 376 MHz) 73.10-72.94 (2F, m), 16.77-16.59 (2F, m). 
The minor fraction remains unidentified.  
7.1.0.8. Attempted reaction of N-(2-bromophenyl)pivalamide with 
pentafluoropyridine and n-butyllithium 
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A solution of the compound 385 (1 mmol, 0.25 g) in THF and TMEDA (4+1 mL) at -78 
o
C 
was treated dropwise with n-butyllithium (3 mmol, 2.20 mL). After 30 min the mixture was 
warmed to RT for 30 minutes and cold again at -78 
o
C and treated with pentafluoropyridine 
(5 mmol, 0.52 mL). The mixture was stirred at RT overnight under N2. The mixture was 
quenched with water ice after 24 h and solvent was evaporated. Water (10 mL) was added to 
the residue and the aqueous mixture was extracted with DCM (3 x 25 mL). The combined 
organic layers were dried over MgSO4, filtered and evaporated. The crude material (0.38 g) 
was afforded as yellow oil. δH
 
(CDCl3, 400 MHz) 7.52 (2H, d, J=8 Hz), 7.27 (2H, t, J=8 Hz), 
7.08 (1H, t, J=7.6 Hz), 1.32 (9H, s), 
 δF (CDCl3, 376 MHz) 73.88-73.71 (2F, m), 12.63-12.46 
(2F, m). The compound was purified by flash column chromatography and eluted with 
petroleum ether and diethyl ether 10:1, 5:1 and 1:1. A white solid (0.20 g, m.p.130-133 
o
C) 
was collected as main fraction. δH
 
 (CDCl3, 400 MHz) 8.02 (1H, d, J=8 Hz), 7.38 (1H, d, J=8 
Hz), 7.18 (2H, d, J=8 Hz), 6.43 (1H, s), 1.32 (9 H, s),  δF (CDCl3, 376 MHz) 75.75-75.58 (2F, 
m), 8.08-7.91 (2F, m),  vmax / cm
-1
(film) 3315, 2962, 2871, 1654, 1597, 1501, 1479, 1437, 
1399, 1315, 1196, 1150, 1049, 967, 750,693. The data suggested that compound 382 was 
formed. 
7.1.0.9. Reaction of 2-bromoaniline with pivaloyl chloride 
 
A solution of 2-bromoaniline (5 mmol, 0.86 g) in dry THF (5 mL), was treated with 
triethylamine (5.1 mmol, 0.71 mL) and pivaloyl chloride (5.1 mmol, 0.62 mL). The mixture 
was stirred at RT overnight under N2. It formed a white precipitate. The solvent was 
evaporated and the mixture was diluted with ethyl acetate (30 mL) and washed with water (1 
x 10 mL) and brine (2 x 10 mL). The organic layer was dried over MgSO4, filtered and 
evaporated. A white solid (1.17 g, 91%, m.p. 59-65
 o
C) was afforded. The solid was 
recrystallized from petroleum ether and afforded (0.61 g, 47 %, m.p. 62
 
-64
 oC. δH  (CDCl3, 
400 MHz) 8.43 (1H, d, J=8 Hz), 8.04 (1H, s), 7.56 (1H, d, J=8 Hz), 7.33 (1H, t, J=8 Hz), 
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6.98 (1H, t, J=8 Hz), 1.37 (9H, s), vmax / cm
-1
(film) 3283, 2966, 1655, 1511, 1175, 754, 664. 
The desired compound 385 was synthesised successfully. 
7.1.0.10. Attempted reaction of N-(2-bromophenyl)pivalamide with 
pentafluoropyridine 
 
 
A stirred suspension of sodium hydride  (4 mmol, 0.16 g, 60% dispersion in mineral oil) in a 
mixture of dry THF and DMF (5 mL), was treated with pentafluoropyridine 75 (10 mmol, 
1.69 g) followed by dropwise addition of compound 385 (2 mmol, 0.51g) in THF (5 mL). 
The mixture was heated at 70 
o
C for 2 h and stirred at RT under N2 for 72 h. The reaction was 
quenched with water ice. The solvent was evaporated and water (10 mL) was added in the 
residue. The aqueous mixture was extracted with diethyl ether (3 x 25 mL), and the combined 
organic layers were dried over MgSO4, filtered and evaporated. The crude material (0.64 g) 
was afforded as oil. The product was purified by flash column chromatography. The main 
fraction (0.19 g) was collected as an oil, δH (CDCl3, 400 MHz) 7.68 (1H, d, J=8 Hz), 7.55 
(1H, t, J=8 Hz), 7.44 (1H, t, J=8 Hz), 7.36 (1H, d, J=8 Hz), 1.18 (9H, s), δF (CDCl3, 376 
MHz) 72.78-72.61 (1F, m), 71.33-71.17 (1F, m), 23.86 (1F, t, J=22.93 Hz), 15.94 (1F, t, 
J=22.93 Hz). An oil remains unidentified. 
7.1.0.11. Reaction of copper bromide with 4-pentylaniline 
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A solution of CuBr2 (8.2 mmol, 1.82 g) in dry acetonitrile (5 mL), was treated dropwise with 
4-pentylaniline (4 mmol, 0.65 g). The mixture was stirred at RT for one h under N2. The 
solvent was evaporated and H2O (20 mL) was added in the residue. The aqueous mixture was 
passed through celite bed and washed thoroughly with ethyl acetate. The organic layer was 
washed with brine (2 x 10 mL) and dried over Na2SO4, filtered and evaporated. The crude 
product (1.29 g) was afforded as dark coloured oil. The product was purified by column 
chromatography by eluting with 9:1 hexane/ethyl acetate and afforded (0.95 g, 98%) as an 
oil, and further elution with ethyl acetate gave sticky material (0.26 g). The data obtained for 
oil, δH (CDCl3, 400 MHz) 7.13 (1H, s), 6.83 (2H, d, J=7 Hz), 6.60 (2H, bs), 2.40-2.33 (2H, 
m),  1.48-1.41 (2H, m), 1.25-1.17 (4H, m), 0.79 (3 H, t, J=6.8 Hz), GC-MS (EI) m/z 242.1, 
vmax / cm
-1
(film) 3470, 3380, 2956,  2926, 2854, 1620, 1503,1476, 1306, 1018, 822. The 
reaction was successful to form desired compound 388. 
7.1.0.12. Attempted reaction of 2-bromo-4-pentylaniline with ethyl formate 
 
 
A solution of the compound 388 (1 mmol, 0.24 g) in dry THF (4 mL), was treated with ethyl 
formate (5 mmol, 0.40 mL). The mixture was stirred at RT overnight under N2. The solvent 
was evaporated and a dark colour material (0.27 g) was afforded as an oil. δH (CDCl3, 400 
MHz) 7.39-7.29 (1H, m), 7.18 (1H, s), 7.01 (1H, s), 2.94 (1H, s), 2.85 (1H, s), 2.65-2.54 (2H, 
m), 2.44-2.41 (2H, m), 1.62-1.50 (2H, m), 1.50-1.30 (4H, m), 0.86 3H, t, J=6 Hz), GC-MS 
(EI) m/z 241.1[M
+
],  vmax / cm
-1
(film) 3583, 3368, 2954, 2922, 2850, 1619, 1503, 1463, 1377, 
1304, 1154, 817.  GC-MS detected a peak for starting material 388. 
The above reaction was also attempted in THF at 50 
o
C under N2. The crude material (0.35 g) 
was afforded as an oil. δH (CDCl3, 400 MHz) 7.13 (1H, s), 7.10 (1H, s), 6.83 (1H, d, J=6.8 
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Hz), 6.60 (1H, d, J=6.4 Hz), 2.84 (6H, s), 2.77 (6H, s), 2.40-2.33 (2H, m), 1.48-1.41 (2H, m), 
1.25-1.17 (8 H, m), 0.79 (6 H, t, J=7.2 Hz). 
1
H NMR signals showed a mixture of starting 
material 388 and ethyl formate. The reaction was unsuccessful to form desired compound 
392. 
7.1.0.13. Reaction of 2-bromo-4-pentylaniline with p-toluenesulfonyl 
chloride 
 
A solution of 2-bromo-4-pentylaniline (1 mmol, 0.24 g) in pyridine (1 mL), was treated with 
p-toluenesulfonyl chloride (1 mmol, 0.19 g) dissolved in pyridine (1 mL). The mixture was 
stirred at RT overnight under N2. The pyridine was evaporated and water (10 mL) was added 
to the residue. The aqueous mixture was extracted with diethyl ether (3 x 25 mL) and the 
combined organic layers were washed with 1M HCl (1 x 10 mL), dried over MgSO4, filtered 
and evaporated. A sticky solid (0.21g), was afforded. The product was purified by 
chromatography, and eluted with petroleum ether and diethyl ether 7:3 and 1:1 and ethyl 
acetate. A sticky material (0.11 g, 28%) was afforded as main fraction. δH (CDCl3, 400 MHz) 
7.65 (2H, d, J=8.4 Hz), 7.59 (1H, d, J=8.4 Hz), 7.23 (2H, d, J=8.4 Hz), 7.10 (1H, dd, J=8.4 
and 2 Hz), 6.88 (1H, s), 2.51 (2H, t, J=7.6 Hz), 2.39 (3H, s), 1.57-1.49 (2H, m), 1.33-1.23 
(4H, m), 0.90 (2H, t, J=4 Hz), HRMS (ESI) m/z: found 396.0618 for C18H23
79
BrNO2S, 
require 396.0627, vmax / cm
-1
(film) 3583, 3258, 3028, 2955, 2928, 2856, 1915, 1614, 1598, 
1512, 1332, 1161, 1092, 917, 813, 665, 562. The desired compound 396 was synthesized 
successfully. 
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7.1.0.14. Reaction of 2-bromoaniline with pentafluoropyridine 
 
 
A solution of 2-bromoaniline (3 mmol, 0.51 g) in dry DMSO (3 mL), was treated with 
pentafluoropyridine (6 mmol, 1.01 g). The mixture was stirred overnight under N2 at 120 
o
C. 
The reaction was cooled to RT and water (20 mL) was added in the residue and extracted 
with diethyl ether (3 x 25 mL). The combined organic layers were dried over MgSO4, filtered 
and evaporated.A sticky solid (0.94g) was afforded. The product was purified by 
chromatography and eluted with petroleum ether and ethyl acetate. A brown colour gum 
(0.73 g, 76%) was afforded. δH (CDCl3, 400 MHz) 7.44 (1H, d, J=8 Hz), 7.12 (1H, t, J=7.6 
Hz), 6.76 (1H, d, J=7.6 Hz), 6.64 (1H, t, J=8 Hz), 4.04 (1H, s), δF (CDCl3, 376 MHz) 70.21-
70.07 (2F, m), 7.59-7.44 (2F, m), δC (CDCl3, 100 MHz) 145.5 (t, J=16.3 Hz), 144.2, 143.1(t, 
J=16.2 Hz), 133.6 (t, J=5.7 Hz), 133.0 (dd, J=252 , 36 Hz), 132.4, 128.5, 119.5, 115.9, 109.4,  
HRMS (ESI) m/z: found 318.9499 for C11H4
79
Br F4N2 requires 318.9493,  vmax / cm
-1
(film) 
3385, 2926, 1647, 1585, 1482, 1411, 1302, 1270, 1089, 1029, 976. The desired compound 
400 was synthesized successfully. 
7.1.0.15. Reaction of N-(2-bromophenyl)-2,3,5,6-tetrafluoropyridin-4-amine 
with benzyl bromide 
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A stirred suspension of sodium hydride (1.5 mmol, 0.06 g, 60% dispersion in mineral oil) in 
dry DMF (2 mL), was treated with compound 400 (1 mmol, 0.30 g) in dry DMF (3 mL), 
followed by dropwise addition of benzyl bromide (1.2 mmol, 0.20 mL). The mixture was 
stirred at RT overnight under N2. The reaction was quenched with water ice after 24 h.  The 
solvent was evaporated and H2O (15 mL) was added to the residue. The aqueous mixture was 
extracted with diethyl ether (3 x 25 mL) and the combined organic layers were washed with 
H2O (2 x 5 mL) and 1M HCl (1 x 10 mL). The combined organic extract was dried over 
MgSO4, filtered and evaporated to dryness. A sticky solid (0.41g) was afforded. A solid (0.01 
g) was collected by trituration with EtOH. The EtOH washing was evaporated and sticky 
solid (0.30 g) was afforded with overall 73% yield. δH (CDCl3, 400 MHz)  7.61 (1H, dd, J=8 , 
1.6 Hz), 7.40-7.32 (7 H, m), 7.13 (1H, t, J=8 Hz), 5.09 (2H, s), δF (CDCl3, 376 MHz) 69.79-
69.58 (2F, m), 11.35-11.17 (2F, m), HRMS (ESI) m/z: found 411.0111 for C18H12
79
BrF4N2, 
requires 411.0115, vmax / cm
-1
(film) 3405, 3064, 3032, 2925, 2853, 1952, 1703, 1639, 955, 
735, 697. The desired compound 402 was synthesised successfully. 
7.1.0.16. Reaction of pentafluoropyridine with 2-bromobenzyl amine 
hydrochloride 
 
 
A stirred suspension of potassium carbonate (1 mmol, 0.13 g) in dry DMSO (2 mL) was 
treated with pentafluoropyridine (5 mmol, 0.84 g), followed by dropwise addition of 2-
bromobenzyl amine hydrochloride (1 mmol, 0.22 g)  in dry DMSO (2 mL). The mixture was 
stirred at RT overnight. The mixture was diluted with water (20 mL) and the aqueous mixture 
was extracted with diethyl ether (3 x 25 mL). The combined organic layers were washed with 
H2O (2 x 5 mL), dried over MgSO4, filtered and evaporated. A solid (0.75 g, m.p. 77-80
 o
C, 
95%) was afforded.  δH (CDCl3, 400 MHz) 7.60 (1H, d, J=8 Hz), 7.36-7.27 (2H, m), 7.20 
(1H, t, J=8 Hz), 5.0 (1H, s),  4.76 (2H, d, J=8 Hz),  δF (CDCl3, 376 MHz) 68.38-68.20 (2F, 
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m), (-0.914)-(-1.041) (2F, m), HRMS (ESI) m/z: found 334.9803(MH
+
) for C12H7
79
BrF4N2H
 
requires 334.9802, νmax/cm
-1 
(film) 3584, 3349, 2917, 1640, 1538, 1488, 1144, 944, 765.
 
The 
desired compound 404 was formed successfully. 
7.1.0.17. Attempted cyclization of N-(2-bromobenzyl)-2,3,5,6-tetrafluoro-
pyridin-4-amine with Grignard reagent 
 
 
A solution of magnesium metal (10 mmol, 0.24 g) and iodine (30 mg) in THF at RT, was 
treated dropwise with N-(2-bromobenzyl)-2, 3, 5, 6-tetrafluoropyridin-4-amine (1 mmol, 0.33 
g) in THF (5 mL). The mixture was heated under reflux overnight. The reaction was cooled 
to a RT after 24 h and solvent was evaporated. To form a solid precipitate water (10 mL) was 
added to the residue. The aqueous mixture was extracted with ethyl acetate (3 x 25 mL) and 
the combined organic layers were dried over MgSO4, filtered and evaporated. A solid (0.15 
g) was afforded. δH  (CDCl3, 400 MHz) 7.59 (1H, d, J=7.6 Hz), 7.33 (2H, t, J= 7.2 Hz), 7.19 
(1H, t, J=8 Hz), 5.2 (1H, s), 4.76 (2H, d, J=6.4 Hz),  δF (CDCl3, 376 MHz) 68.20-67.87 (2F, 
m), (-0.95)-(-1.08) (2F, m),  νmax/cm
-1
 3584, 3349, 2917, 1640, 1538, 1488, 1144, 944, 765. 
The reaction was unsuccessful to form desired compound 405 and the starting material 404 
was recovered.
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 7.1.0.18. Reaction of hexafluorobenzene with aniline 
 
 
A stirred suspension of sodium hydride (5 mmol, 0.2 g, 60% dispersion in mineral oil) in 
DMF (3 mL), was treated with hexafluorobenzene (2 mmol, 0.22 mL), followed by dropwise 
addition of aniline (4 mmol, 0.36 mL). The mixture was stirred at 70 
o
C overnight under N2. 
The colour of the mixture changed to light brown. The reaction was quenched with water ice 
after 24 h. The solvent was evaporated and H2O (10 mL) was added to the residue. The solid 
formed was collected by suction filtration. A light brown solid, (0.83 g, decomposed at 250 
o
C) was afforded. A solid (0.22 g) was recrystallized from EtOH and afforded 0.11 g, 16%, 
decompose at 250 
oC) δF (DMSO-d6, 376 MHz) 15.0 (4F, s), HRMS (ESI) m/z: 332.0896 
(MH
+
) for C18H12F4N2 requires 332.0897, vmax / cm
-1
(film) 2923, 1598, 1496, 1252, 986. The 
above reaction was also attempted in DMSO at 120 
o
C overnight under N2. The aqueous 
mixture was extracted with diethyl ether (3 x 25 mL), and the combined organic layers were 
dried over MgSO4, filtered and evaporated. The sticky material (0.46 g) was afforded. The 
product was purified by column chromatography and preparative TLC, and afforded (0.15 g) 
as an oil, δH (CDCl3, 400 MHz) 7.22 (2H, t, J=8 Hz), 6.83 (1H, t, J=8 Hz), 6.72 (2 H, d, J=8 
Hz), 3.67 (1H, s), δF (CDCl3, 376 MHz) 12.3 (4F, s), HRMS (ESI) m/z:  found 331.0907(MH
-
) for C18H11F4N2, requires 331.0858,  vmax / cm
-1
(film); 3395, 3050, 2958, 2917, 2848, 1933, 
1649, 1601, 1498, 1425, 1316, 1265, 1241, 1051, 984, 750. The desired compound 407-a was 
successfull with both DMF and DMSO. 
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7.1.0.19. Attempted reaction of decafluorobiphenyl with aniline 
 
 
A stirred suspension of sodium hydride (5 mmol, 0.2 g, 60% dispersion in mineral oil) in 
DMSO (3 mL), was treated with decafluorobiphenyl (1 mmol, 0.33 g) in DMSO (3 mL), 
followed by dropwise addition of aniline (4 mmol, 0.36 mL). The mixture was stirred at 120 
o
C overnight under N2. The colour of the mixture changed to dark brown. The mixture was 
quenched with water ice after 24 h.  H2O (10 mL) was added to the residue and the aqueous 
mixture was extracted with diethyl ether (3 x 25 mL). The combined organic layers were 
dried over MgSO4, filtered and evaporated. The sticky material (0.36 g) was afforded. The 
aqueous layer was filtered by suction filtration and afforded a dark colour solid (0.67 g, 47%, 
m.p.210-212 
oC). The solid was recrystallized from EtOH. δH (CDCl3, 400 MHz) 7.29 (1H, d, 
J=4 Hz), 7.13 (2H, t, J =8 Hz), 6.74 (1H, t, J =4 Hz), 6.67 (2H, d, J =4 Hz),  δF (CDCl3, 376 
MHz) 22.35-22.29 (4F, m), 11.48 (4F, d, J=14.28 Hz). HRMS (ESI) m/z: found 
479.0799(MH
-
) for C24H11F8N2 requires 479.0789, vmax / cm
-1
(film) 3253, 2954, 2924, 2854, 
1651, 1599, 1496, 1466, 1377, 1261, 1027, 744, 723, 690. The above reaction was also 
attempted in dry DMF at 75 
o
C overnight under N2. A solid was formed on addition of water 
(10 mL) and collected by suction filtration, (0.23 g, 47%). The solid was recrystallized from 
EtOH.  HRMS (ESI) m/z: found 479.0816(MH
-
) for C24H11F8N2 requires 479.0789,  vmax / 
cm
-1
(film) 2924, 2854, 1647, 1598, 1495, 1346, 1263, 1072, 1029, 972, 739, 723, 693. The 
desired compound 410-a was formed successfully. 
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7.1.0.20. Attempted reaction of hexafluorobenzene with 2-bromoaniline 
 
A stirred suspension of sodium hydride (3 mmol, 0.12 g, 60% dispersion in mineral oil) in 
dry DMSO (2 mL), was treated with hexafluorobenzene (1 mmol, 0.18 g), followed by 
dropwise addition of 2-bromoaniline (2 mmol, 0.34 g). The mixture was stirred overnight at 
120 
o
C under N2. The colour of the mixture was changed to red. The reaction was cooled to 
RT and quenched with water ice. H2O (10 mL) was added in the residue and extracted with 
diethyl ether (3 x 25 mL), the combined organic layers were washed with H2O (2 x 10 mL) 
and dried over MgSO4, filtered and evaporated. The crude material (0.42 g, 85%) was 
afforded. The crude material was purified by column chromatography and (0.09 g, 19%) was 
afforded.  δH (CDCl3, 400 MHz) 7.39 (1H, t, J=8Hz), 7.12-7.06 (1H, m), 6.75 (1H, t, J =8 
Hz), 6.63-6.58 (1H, m), 4.07 (1H, s). δF (CDCl3, 376 MHz) 14.5 (4F, s), vmax / cm
-1 
(film) 
3387, 3062, 2926, 2851, 1640, 1585, 1498, 1467, 1335, 1158. The accurate mass ion was not 
detected.  Some data suggested that the compound 407-b was formed. 
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7.1.0.21. Attempted reaction of decafluorobiphenyl with 2-bromoaniline 
 
 
A stirred suspension of sodium hydride (3 mmol, 0.12 g, 60% dispersion in mineral oil) in 
DMSO (2 mL), was treated with decafluorobiphenyl (1 mmol, 0.33 g) in dry DMSO (3 mL) 
followed by dropwise addition of 2-bromoaniline (2 mmol, 0.34 g) in DMSO (2 mL). The 
reaction was heated at 120 
o
C overnight under N2. The reaction was cooled to RT and 
quenched with ice water. Water (15 mL) was added in the residue and extracted with diethyl 
ether (3 x 25 mL). The combined organic layers were washed with H2O (2 x 10 mL), dried 
over MgSO4, filtered and evaporated. The sticky material (0.53 g, 84%) was afforded. δH 
(DMSO-d6, 400 MHz) 7.32 (1H, d, J=8 Hz), 7.02 (1H, t, J=4 Hz), 6.70 (1H, d, J=8 Hz), 6.52 
(1H, t, J=8 Hz), 4.18 (1H, s), δF (DMSO-d6, 376 MHz) 23.23-23.15 (4F, m), 13.38 (4 F, d, 
J=14.28 Hz), vmax / cm
-1
(film) 3395, 2924, 2854, 1653, 1586, 1495, 971, 742, 724, 664. The 
accurate mass ion was not detected. Some data suggested that the desired compound 410-b 
was formed. 
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7.1.0.22. Reaction of aniline with pentafluoropyridine 
 
 
A solution of pentafluoropyridine (4 mmol, 0.43 mL) in dry 1, 4-dioxane (5 mL) was treated 
dropwise with aniline (8 mmol, 0.73 mL). The mixture was stirred at 80 
o
C overnight under 
N2. The mixture was cooled to RT and H2O (10 mL) was added to the residue. The aqueous 
mixture was extracted with diethyl ether (3 x 25 mL) and the combined organic layers were 
washed with 1M HCl (1x10 mL), dried over MgSO4, filtered and evaporated. A solid (1.21 g) 
was afforded and was purified by passage through a silica column eluting with 1:1 
hexane/DCM, which gave white solid, (0.39 g). A further fraction eluted with ethyl acetate, 
afforded a solid (0.60 g, 53%, m.p. 87-90 
oC).  δH (CDCl3, 400 MHz) 7.34 (2H, t, J=8.4 Hz), 
7.19 (1H, t, J=8 Hz), 7.10 (2H, d, J=7.2 Hz), 6.61(1H, s), δF (CDCl3, 376 MHz) 69.19-69.01 
(2F, m), 6.47-6.29 (2F, m),  vmax / cm
-1
(film) 3413, 2109, 1644, 1546, 1469, 1439, 1276, 969, 
745. The data obtained was in agreement with literature values.
163 
7.1.0.23. Reaction of 2,3,5,6-tetrafluoro-N-phenylpyridin-4-amine with 3-
amino-1,2-propanediol 
 
 
A solution of the compound 413 (1 mmol, 0.24 g) in dry DMF (3 mL), was treated with 3-
amino-1,2-propanediol in dry DMF (2 mL). The mixture was stirred at 70 
o
C overnight under 
N2. The colour of the mixture was changed to dark brown. The mixture was cooled to RT and 
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solvent was evaporated. Water (10 mL) was added to the residue and the aqueous mixture 
was extracted with DCM (3 x 25 mL). The combined organic layers were washed with 1M 
HCl (1x10 mL), dried over MgSO4, filtered and evaporated to dryness. The crude material 
(0.39 g) was afforded as an oil. The material was purified by column chromatography and 
afforded product 415, (0.25 g, 80%  as an oil. δH (CDCl3, 400 MHz) 7.20 (2 H, t, J=8 Hz), 
6.99 (1 H, t, J=8 Hz), 6.93 (2H, d, J=8 Hz), 6.51 (1H, s), 5.20 (1H, s), 4.40 (1H, s), 4.20 (1H, 
s), 3.85-3.79 (2H, m), 3.34 (2H, t, J=4 Hz), δF (CDCl3, 376 MHz) 66.04 (1F, t, J=22.56 Hz), 
5.70 (1F, d, J=26.32 Hz), (-5.48) (1F, d, J=23.31 Hz), δC (CDCl3, 100 MHz) 146.5 (dd, J = 
238 , 30 Hz), 141.9 (t, J=12 Hz), 140.0, 133.5 (d, J=250 Hz), 130.2 (m), 129.0, 128.4 (dd, 
J=240, 20 Hz), 123.0, 120.0, 71.0, 64.0, 43.5, GC-MS (EI) m/z 313.1, HRMS (ESI) m/z: 
found 314.1107 (MH
+
) for C14H15F3N3O2 require 314.1116, vmax / cm
-1
(film) 3305, 3056, 
2962, 2923, 1642, 1600, 1580, 1504, 1439, 1425, 1326, 1259, 1238, 1086, 1069, 992, 878, 
801, 756, 695. A solid (0.05 g, 19%) was identified as by-product 416. δH (CDCl3, 400 MHz) 
7.30 (2H, t, J=7.2 Hz), 7.08 (1H, t, J=7.6 Hz), 7.01 (2H, d, J=7.2 Hz),  5.98 (1H, s), 3.0 (6H, 
d, J=1.6 Hz),  δF (CDCl3 376 MHz) 69.26 (1F, t, J=25.94 Hz), 14.72 (1F, d, J=25.94 Hz), (-
1.38) 1F, d, J= 25.94 Hz),  δC (CDCl3, 100 MHz) 145.4 (dd, J=220 , 20 Hz), 143.2-142.8 (m), 
140.2, 136.1 (d, J=250 Hz), 131.4-131.0 (m), 129.0, 128.7,(dd, J=250 , 40 Hz), 123.6, 119.8, 
40.0, GC-MS (EI) m/z: 267.2[M+]. HRMS (ESI) m/z: found 268.1053(MH
+
) for C13H13F3N3, 
requires 268.1056, and found 266.0914 (MH
-
) for C13H11F3N3, vmax / cm
-1
(film) 3583, 3421, 
2954, 1642, 1599, 1581, 1508, 1439, 1424, 1307, 1237, 1069, 985, 879, 755, 694. The 
reaction was successful to form desired compound 415 and by-product 416 was identified. 
7.1.0.24. Reaction of 2,3,5,6-tetrafluoro-N-phenylpyridin-4-amine with 
morpholine 
 
A solution of the compound 413 (1 mmol, 0.24 g) in dry DMF (3 mL), was treated with 
morpholine (2 mmol, 0.17 g). The mixture was stirred at 80 
o
C under N2. The mixture was 
cooled to RT after 48 h and solvent was evaporated. H2O (10 mL) was added to the residue 
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and the aqueous mixture was extracted with diethyl ether (3 x 25 mL). The combined organic 
layers were washed with H2O (2x5 mL) and 1M HCl (1x10 mL), dried over MgSO4, filtered 
and evaporated. The crude material (0.28 g) was afforded as an oil. The material was 
triturated with EtOH and a solid (0.10 g, 33%, m.p.113.5-115.7 
oC) was afforded. δH (CDCl3, 
400 MHz) 7.31 (2H, t, J=7.6 Hz), 7.10 (1H, t, J=7.6 Hz), 7.02 (2H, d, J=7.6 Hz), 6.00 (1H, 
s), 3.79 (4H, t, J=4.4 Hz),  3.37 (4H, t, J=4.8 Hz), δF (CDCl3, 376 MHz) 69.73 (1F, t, J=25.94 
Hz), 16.60 (1F, d, J=25.94 Hz), 1.35 (1F, d, J=24.44 Hz), δC (CDCl3, 100 MHz) 145.6 (dd, J 
=229 , 13 Hz), 142.2 (ddd, J =15, 9, 3 Hz), 139.8, 137.2 (dd, J =247 , 5 Hz), 131.77-131.53 
(m), 130.0 (dd, J=249 , 9 Hz), 129.0, 128.7, 124.0, 120.2, 66.8, 48.1, GC-MS (EI) m/z: 309.2, 
HRMS (ESI) m/z found 310.1151 (MH
+
), C15H15F3N3O requires 310.1162 and found 
308.1018 (MH
-
), C15H13F3N3O requires 308.1016, vmax / cm
-1
(film) 3291, 3059, 2976, 2853, 
2695, 1637, 1598, 1584, 1526, 1495, 1410, 1372, 1278, 1263, 976. The desired compound 
417 was formed successfully. 
7.1.0.25. Reaction of 2,3,5,6-tetrafluoro-N-phenylpyridin-4-amine with 
imidazole 
 
 
 
A stirred suspension of sodium hydride (1 mmol, 0.04 g, 60% dispersion in mineral oil) in 
dry THF (2 mL), was treated with compound 413 (1 mmol, 0.24 g), in dry THF (2 mL), 
followed by dropwise addition of imidazole (2 mmol, 0.13 g) in dry THF (2 mL). The 
mixture was stirred overnight at 70 
o
C under N2 for 5 days. The mixture was cooled to RT 
and quenched with water ice. The solvent was evaporated and H2O (10 mL) was added to the 
residue. The aqueous mixture was extracted with ethyl acetate (3 x 25 mL) and the combined 
organic layers were dried over MgSO4, filtered and evaporated. A sticky solid (0.14 g) was 
afforded. A solid (0.02 g, 17%, m.p.183-188 
oC) was afforded by trituration with EtOH.  δH 
(CDCl3, 400 MHz)  8.25 (1H, s), 7.64 (1H, s), 7.37 (2H, t, J =7.6 Hz), 7.20 (1H, t, J=7.6 Hz), 
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7.13 (2H, d, J =8 Hz), 6.54 (1H, s), δF (CDCl3, 376 MHz) 73.12 (1F, t, J=24.44 Hz), 16.79 
(1F, d, J =24.86 Hz), 9.87 (1F, dd, J =24.81, 7.52 Hz), GC-MS (EI) m/z: 290.1, HRMS (ESI) 
m/z: found 291.0848(MH
+
) for C14 H10F3N4, requires 291.0852, vmax / cm
-1 
(film) 3583, 1630, 
1481. EA: C14H10F3N4.½ H2O requires %C=57.05, %H=3.22 and %N=19.01, found % 
C=57.48, %H=2.89, %N=18.63. The data suggested that the desired compound 419 was 
formed successfully. 
7.1.0.26. Reaction of 2,3,5,6-tetrafluoro-N-phenylpyridin-4-amine with 
benzimidizole 
 
 
 
A stirred suspension of sodium hydride (1 mmol, 0.04 g, 60% dispersion in mineral oil) in 
dry THF (2 mL), was treated with compound 413 (1 mmol, 0.24 g) in THF (2 ml), followed 
by dropwise addition of benzimidazole (2 mmol, 0.23 g) in THF (3 mL). The mixture was 
heated at 70 
o
C under N2 for 5 days. The mixture was cooled to RT and quenched with water 
ice. The solvent was evaporated and water (10 mL) was added to the residue. The aqueous 
mixture was extracted with ethyl acetate (3 x 25 mL) and the combined organic extract was 
dried over MgSO4, filtered and evaporated. A sticky solid (0.30 g) was afforded. A solid 
(0.07 g, 16%, m.p. 136-138 
o
C) was afforded by trituration with petroleum ether and diethyl 
ether. δH  (DMSO-d6, 400 MHz) 9.51 (1H, s), 8.69 (1H, s), 7.77-7.74 (4H, m), 7.34-7.31 (5H, 
m), δF (DMSO-d6, 376 MHz) 26.0 (2F, s), HRMS (ESI) m/z: found 438.1395 for C25H16F2N6, 
requires 438.1399, vmax / cm
-1
(film) 2919, 1621, 1595, 1541, 1482, 1456, 1303, 1232, 1129, 
1091, 934, 893, 742, 695. The data suggested that the desired compound 420 was formed 
successfully. 
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7.1.0.27. Attempted reaction of benzoin with pentafluoropyridine 
 
A solution of benzoin (2 mmol, 0.42 g) in anhydrous DMF (2 mL) was treated dropwise with  
stirred suspension of sodium hydride ( 2.5 mmol, 0.1 g, 60 % dispersion in mineral oil) in dry 
DMF (2 mL) followed by pentafluoropyridine (2 mmol, 0.34 g) in dry DMF (2 mL). The 
mixture was stirred at 100 
o
C for 3h. The mixture was cooled to RT and quenched with water 
ice. The solvent was evaporated and water (20 mL) was added to form a solid precipitate. A 
solid (0.07 g, 110-120 
o
C) was afforded by suction filtration. The solid remains unidentified. 
The filtrate was extracted with diethyl ether (3 x 25 mL) and the combined organic layers 
were dried over MgSO₄, filtered and evaporated to dryness. The weight of solid was 
negligible. δH (CDCl₃, 400 MHz) 7.89-7.85 (4H, m), 7.47-7.45 (2H, m), 7.35-7.33 (4H, m),  
vmax / cm
-1
(film) 3584, 1714. HRMS (ESI) m/z: the accurate mass ion was not detected. The 
starting material 424 was recovered. 
7.1.0.28. Attempted reaction of benzoin with hexafluorobenzene 
 
 
A solution of benzoin (2 mmol, 0.41 g) in anhydrous DMF (3 mL)  and hexafluorobenzene (1 
mmol, 0.14 g) in 3 mL anhydrous DMF were treated dropwise, with a stirred suspension of 
sodium hydride (4.5 mmol, 0.18 g, 60% dispersion in mineral oil)  in anhydrous DMF (2 
mL). The colour of the mixture was changed to green. The mixture was stirred at 100 
o
C for 4 
h. The mixture was cooled to RT and quenched with water ice. The solvent was evaporated 
296 
 
and water (20 mL) was added to residue which resulted in precipitation of white solid. The 
mixture was filtered and the solid was washed with water and diethyl ether. The solid was 
dried to form white powdered (0.08 g). A solid was recrystallized from CH₂Cl₂ and afforded 
white powder (0.017 g, m.p. 215 
o
C). The aqueous mixture was neutralized by addition of 
dilute HCl(aq) and extracted with diethyl ether (3 x 50 mL). The combined organic layers 
were dried over MgSO₄, filtered and evaporated to dryness. A sticky solid (0.15 g) was 
afforded. δH (CDCl₃, 400 MHz) 8.12-8.10 (4H, m), 7.62-7.59 (6H, m), 7.49-7.46 (4H, m), 
7.35-7.29 (6H, m),  vmax / cm
-1
(film) 3367, 3232, 2939, 2833, 2594, 2523, 2231, 2045, 1663, 
1449, 1419, 1115, 1032. The solid remains unidentified. The reaction was unsuccessful to 
form desired compound 429. 
7.1.0.29. Attempted reaction of hexachlorobenzene with benzoin 
 
 
The above experiment was repeated in toluene or dry DMF. All the conditions and 
procedures were same as in the previous experiment. The crude material (0.25 g, m.p. 186
 o
C) 
and (0.10 g) were afforded. δH (CDCl₃, 400 MHz) 8.64-8.60 (2H, m), 8.17-8.14 (2H, m), 
8.05-8.01 (2H, m), 7.98-7.95 (2H, m), 7.43-7.41 (2H, m). The material remains unidentified. 
The reaction was unsuccessful to form desired compound 432. 
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7.1.0.30. Reaction of pentafluoropyridine with catechol 
 
 
A stirred suspension of sodium hydride (4.5 mmol, 0.18 g, 60% dispersion in mineral oil) in 
dry THF (2 mL) was treated with pentafluoropyridine (4 mmol, 0.68 g), followed by the 
dropwise addition of catechol (2 mmol, 0.22 g) in dry THF (3 mL). The mixture was heated 
at 70 
o
C overnight under reflux.  The colour of the mixture changed to blue. The mixture was 
cooled to RT and quenched with water ice. The solvent was evaporated and water (10 mL) 
was added in the residue. The resulting solid was collected by suction filtration, and washed 
with H2O and EtOH. A solid (0.26 g, 85%, m.p. 68-70 
oC) was afforded.  δH (CDCl3, 400 
MHz) 7.26-7.22 (2H, m), 7.13-7.10 (2H, m), δF (CDCl3, 376 MHz) 73.90-73.73 (2F, m), 
6.40-6.23 (2F, m), GC-MS (EI) m/z: 408.1, HRMS (ESI) m/z: found 407.0073(MH
-
) for 
C16H3F8N2O2 requires 407.0061, vmax cm
-1
(film) 2923, 2567, 1642, 1592, 1503, 1241, 1175, 
1120, 1061, 982, 805, 748. The data suggested that the compound 435 was formed. 
7.1.0.31. Reaction of catechol with benzyl bromide 
 
 
A solution of sodium carbonate (10 mmol, 1.06 g) in acetone (10 mL) was treated with a 
mixture of catechol (10 mmol, 1.1 g) and benzyl bromide (10 mmol, 1.71 g) and the reaction 
was stirred at RT overnight. The solvent was evaporated and water (10 mL) was added to 
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form a solid precipitate. The pH of the mixture was adjusted to five by adding conc. H2SO4. 
A black solid (2.05 g) was collected, by suction filtration. The solid remains unidentified.  
The aqueous mixture was extracted with CH2Cl2 (3 x 20 mL) and the combined organic 
layers were separated and dried over MgSO4, filtered and evaporated to dryness. The residual 
liquid (0.67 g) was afforded. To remove the impurities from the liquid mixture, run the flash 
column chromatography. A solid (0.38 g, 19%) was afforded. δH (CDCl₃, 400 MHz) 7.15-
7.06 (5 H, m), 6.86-6.68 (4 H, m), 5.59 (1H, s), 4.97 (2H, s), vmax /cm
-1
(film) 3352, 1599, 
1514, 1505, 1470, 1385, 1278, 1221, 1111, 1006. The reaction was successful to form desired 
compound 437.  
7.1.0.32. Attempted reaction of pentafluoropyridine with 2-(benzyloxy) 
phenol 
 
 
A solution of pentafluoropyridine (1.8 mmol, 0.30 g) and 2-(benzyloxy)phenol (0.9 mmol, 
0.18 g) in dry THF (10 mL) was treated with  stirred  suspension of  sodium hydride (2 
mmol, 0.08 g, 60% dispersion in mineral oil) in dry THF (5 mL). The reaction was stirred at 
RT overnight. The mixture was quenched with water ice and the solvent was evaporated. H2O 
(20 mL) was added to the residue to form solid precipitate. A solid (0.05 g) was afforded. The 
aqueous mixture was extracted with CH₂Cl₂ (3 x 25 mL) and the combined organic layers 
were dried over MgSO₄, filtered and evaporated to dryness. The oily mixture (0.25 g) was 
afforded. Flash column chromatography was run to remove the impurities and a material 
(0.22 g) was afforded. δH (CDCl₃, 400 MHz) 7.40-7.10 (4H, m), 7.00-6.80 (5H, m), 4.92 (2H, 
s), δF (CDCl₃, 376 MHz) 71.59-71.35 (2F, m), 4.69-4.48 (2F, m), vmax / cm
-1
(film) 3583, 
3031, 2924, 1642, 1500, 1479, 1253, 1184, 1114, 1068, 977. Some data suggested that the 
compound 439 was formed.  
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7.1.0.33. Attempted reaction of pentafluoropyridine with catechol 
 
A solution of catechol (2 mmol, 0.22 g) in dry THF (5 mL) was treated with a stirred 
suspension of sodium hydride (4.5 mmol, 0.18 g, 60% dispersion in mineral oil) in dry THF 
(5 mL) followed by dropwise addition of pentafluoropyridine (2 mmol, 0.34 g). The reaction 
was heated under reflux for 3 h. The mixture was cooled to RT and quenched with water ice. 
The solvent was evaporated and water (20 mL) was added to the residue to form a solid 
precipitate. A solid (0.41g, 87%, m.p. 80 
oC) was afforded by suction filtration. δH
 
(CDCl₃, 
400 MHz) 6.96-6.92 (4H, m), δF (CDCl3, 376 MHz) 72.61 (1F, dd, J=25 and 15 Hz), 71.03 
(1F, dd, J=21 and 15 Hz), (-1.36) (1F, dd, J=24 and 21 Hz), GC-MS (EI) m/z: 239.1. vmax / 
cm
-1 
(film) 3583, 2922, 2853, 1654, 1638, 1598, 1492, 1469, 1456, 1398, 1248, 1106, 1075, 
994, 761. Some data suggested that the compound 434 was formed.  
7.1.0.34. Attempted reaction of hexafluorobenzene with catechol 
 
 
 
A solution of catechol (2 mmol, 0.22 g) in dry THF (5 mL) and hexafluorobenzene (2 mmol, 
0.37 g) was treated with a stirred suspension of sodium hydride (4.5 mmol, 0.18 g, 60% 
dispersion in mineral oil) in dry THF (5 mL). The mixture was heated under reflux for 3 h. 
The mixture was cooled to RT and quenched with water ice. The solvent was evaporated and 
water (20 mL) was added to residue. A solid (0.48 g, m.p.160 
o
C) was collected by suction 
filtration. The solid was recrystallized from CH₂Cl₂ and hexane, m.p. 165 oC. δH (CDCl₃, 400 
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MHz) 6.82-6.72 (4H, m), vmax / cm
-1 
(film) 3584, 2920, 2851, 1519, 1256, 1012, 993. The 
solid remains unidentified. 
7.1.0.35. Attempted reaction of hexachlorobenzene with catechol 
 
 
 
A solution of catechol (2 mmol, 0.22 g) in dry DMF (5 mL) and hexachlorobenzene (2 mmol, 
0.57 g) in toluene (5 mL) was treated with a stirred suspension of sodium hydride (4.5 mmol, 
0.18 g, 60% dispersion in mineral oil) in dry DMF (5 mL). The mixture was stirred at 100 
o
C 
for 3 h under N2. The mixture was cooled to RT and quenched with water ice. The solvent 
was evaporated and water (20 mL) was added to the residue. A solid (0.32 g, m.p.180-182 
o
C) was collected by suction filtration and washed with water and diethyl ether. The aqueous 
mixture was extracted with CH₂Cl₂ (3 x 25 mL) and the combined organic layers were dried 
over MgSO₄, filtered and evaporated to dryness. The material (0.14 g) was afforded. δH 
(CDCl₃, 400 MHz): No aromatic signals. The solid remains unidentified. 
7.1.0.36. Reaction of pentafluoropyridine with 2-aminothiophenol 
 
 
 
A stirred suspension of sodium hydride (2.5 mmol, 0.1 g, 60% dispersion in mineral oil) in 
dry THF (2 mL), was treated with pentafluoropyridine (4 mmol, 0.68 g), followed by 
dropwise addition of 2-aminothiophenol (2 mmol, 0.21 mL). The colour of the mixture 
changed to green. The mixture was stirred at RT overnight under N2. The mixture was 
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quenched with water ice and the solvent was evaporated. H2O (10 mL) was added to the 
residue. The aqueous mixture was extracted with DCM (3 x 25 mL) and the combined 
organic layers were dried over MgSO4, filtered and evaporated. A solid (0.92 g, 84%) was 
afforded. δH (CDCl3, 400 MHz) 7.52 (1H, d, J=8.4 Hz), 7.22 (1H, t, J=7.2 Hz), 7.14 (1H, d, 
J=8 Hz), 6.74-6.69 (2H, m), 4.21 (2H, s), δF (CDCl3, 376 MHz) 71.24-71.00 (2F, m), 23.84-
23.65 (2F, m), GC-MS (EI) m/z: 274[M
+
], HRMS (ESI) m/z: found 275.0260 [MH
+
], 
C11H7F4N2S requires 275.0266, vmax / cm
-1 
(film) 3477, 3380, 2922, 1629, 1459, 1308, 1234, 
949. The desired compound 443 was formed with some impurities. 
7.1.0.37. Reaction of 2-aminothiophenol with acetic anhydride 
 
 
 
A solution of sodium borohydride (NaBH4) (10 mmol, 0.38 g) in water (10 mL) was added to 
a stirred suspension of 2-aminothiophenol (10 mmol, 1.25 g) in water-methanol mixture (10 / 
5 mL), and stirred the mixture at RT for 15 minutes. After 15 min, a solution of acetic 
anhydride (20 mmol, 2.04 g) was added to the stirred suspension and dropwise added 
methanol and water to form solid precipitate. The mixture was stirred at RT overnight and the 
solvent was evaporated. Water (10 mL) was added to residue and a white solid (0.38 g, 11%, 
m.p. 161
o
C) was collected through suction filtration. δH (400 MHz, CDCl₃) 8.37 (1H, d, J =8 
Hz), 7.93 (1H, s), 7.43 (2H, t, J =8 Hz), 7.05 (1H, t, J =8 Hz), 2.00 (3H, s),  vmax / cm
-1 
(film)  
3372, 3260, 3057, 3019, 1665, 1576, 1512, 1430, 1369, 1296, 1160, 1035, 754. The reaction 
was successful to form compound 451. 
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7.1.0.38. Reaction of N,N’-(disulfanediyl-bis-(2,1-phenylene) diacetamide 
and pentafluoropyridine 
 
 
 
A solution of disulfide 451 (2 mmol, 0.20 g) in dry DMF (5 mL) and sodium borohydride (1 
mmol, 0.038 g) in dry DMF (5 mL) was stirred at RT for 15 minutes followed by dropwise 
addition of pentafluoropyridine (5 mmol, 0.85 g) and the mixture was stirred at RT for 4 h 
under N2. The solvent was evaporated and water (10 mL) was added to the residue. A white 
solid (0.32 g, 84%, m.p. 138 
oC) was collected through suction filtration. δH (CDCl₃, 400 
MHz) 8.39 (1H, d, J=8 Hz), 8.26 (1H, s), 7.71 (1H, d, J=8 Hz), 7.48 (1H, td, J=8.4 and 1.2 
Hz), 7.13 (1H, t, J =7.6 Hz), 2.27 (3H, s), δF (CDCl₃, 376 MHz) 73.31-73.17 (2F, m),  25.89-
25.71 (2F, m), δC (100 MHz, CDCl₃)  168.3, 143.5 (dm, J=260 Hz), 141.8 (dm, J=253 Hz), 
140.4, 136.8, 132.3, 129.0 (t, J=18 Hz), 124.9, 121.6, 116.5, 24.7, GC-MS: (EI) m/z: 
316[M
+
], HRMS: (ESI) m/z: found 317.0360 for C13H9F4N2OS, requires 317.0366  vmax / cm
-
1
(film) 3583, 3282, 1670, 1579, 1467, 1300, 1233, 949, EA: found 49.09 C%, 2.33 H%, 8.75 
N%; C13H8F4N2OS requires 49.37 C%, 2.55 H%, 8.86 N%. The desired compound 452 was 
formed successfully. 
 
 
 
 
 
 
 
303 
 
7.1.0.39. Cyclisation of N-(2-((perfluoropyridin-4-yl)thio)phenyl)acetamide 
 
 
 
A stirred suspension of sodium hydride (1.5 mmol, 0.06 g, 60% dispersion in mineral oil) in 
dry 1, 4-dioxane (2 mL), was treated with compound 452 (1 mmol, 0.31g) in dry 1,4-dioxane 
(3 mL). The mixture was stirred at 80 
o
C overnight under N2.  The mixture was cooled to RT 
and quenched with water ice. The solvent was evaporated and H2O (10 mL) was added to the 
residue. The aqueous mixture was extracted with ethyl acetate (3 x 25 mL) and the combined 
organic layers were dried over MgSO4, filtered and evaporated. The sticky solid (0.21g) was 
afforded. The compound 455 (0.10 g, 34%) was purified by column chromatography and 
preparative TLC to give a white solid, and compound 456 (0.05 g, 20%) was identified as a 
by-product. The 
1
H, 
19
F, 
13
C NMR, HRMS and IR data of the compound 456, δH (CDCl3, 400 
MHz) 7.03-7.00 (2H, m), 6.91 (1H, d, J=4 Hz), 6.63 (1H, d, J=8 Hz), 6.41 (1H, s),  δF 
(CDCl3, 376 MHz) 87.22-87.12 (1F, m), 69.35-69.26 (1F, m), (-7.83) (1F, t, J=22.56 Hz), δC 
(CDCl3, 100 MHz) 171.2, 150.8 (d, J=18 Hz), 148.5 (t, J=17 Hz), 146.1 (t, J=17 Hz), 141.8 
(t, J=16 Hz), 136.1, 130.0 (dd, J=252, 35 Hz), 128.2, 127.3, 125.0, 115.9, 115.6, HRMS 
(ESI) m/z: found 254.0113 (MH
+
) for C11H5F3N2S, requires 254.0125 and found 
254.0089(MH
-
) for C11H5F3N2S, requires 254.0125, vmax / cm
-1
(film) 3584, 3405, 2917, 2849, 
1635, 1605, 1581, 1449, 1099, 1072, 910, 748. The data for compound 455, δH (CDCl3, 400 
MHz) 7.54-7.51 (2H, m), 7.46 (1H, td, J=7.6, 1.2 Hz), 7.37 (1H, td, J=7.6, 1.2 Hz), 2.29 (3H, 
s), δF (CDCl3, 376 MHz) 89.9 (1F, s), 72.4 (1F, s), 17.0 (1F, s),  δC (CDCl3, 100 MHz) 167.7, 
137.1, 128.8, 128.4, 128.2,127.4. 31.9 (
13
C-
19
F signals were not detected), HRMS (ESI) m/z 
found 295.0161 for C13H6F3N2OS, requires 295.0158, vmax cm
-1
(film); 2917, 1705, 1614, 
1462, 1092, 1077, 880, 623. The desired compound 455 were formed successfully and the 
by-product 456 was identified. 
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7.1.0.40. Reaction of N,N’-(disulfanediyl-bis-(2,1-phenylene)) diacetamide 
with hexafluorobenzene 
 
A solution of sodium borohydride (NaBH₄) (10 mmol, 0.038 g) in water (2 mL) was treated 
with a stirred suspension of   N, N’-(disulfanediylbis (2,1-phenylene)) diacetamide (1 mmol, 
o.33 g) in dry DMF (5 mL), followed by dropwise addition of hexafluorobenzene (1 mmol, 
0.20 g) after 15 minutes. The reaction was stirred at RT for 3 h under N2. The solvent was 
evaporated and water (20 mL) was added in the residue to form the solid precipitates. A solid 
(0.20 g, 41%, m.p. 275-277 
o
C) was collected by suction filtration which was recrystallized 
from EtOH, m.p. 278-279 
oC. δH (CDCl₃, 400 MHz) 7.83 (1H, s), 7.65-6.99 (4H, m) 2.00 
(3H, s), δF (CDCl₃, 376MHz) 28.8 (4F, s), HRMS (ESI) m/z: found 479.0522 [M-H]
-
 
C22H15F4N2O2S2 requires 479.0517, vmax / cm
-1
(film) 3583, 3299, 1661, 1576, 1459, 1296, 
957. The compound 459 was successfully synthesized under these conditions. 
7.1.0.41. Reaction of ethyl benzoyl acetate with hydroxylamine 
hydrochloride
172 
 
 
A solution of ethyl benzoyl acetate (10 mmol, 1.92 g) in EtOH (10 mL) was treated with a 
stirred suspension of hydroxylamine hydrochloride (12 mmol, 0.84 g) in EtOH (10 mL) and 
equipped the flask with reflux condenser and drying tube with Na2CO3. The mixture was 
stirred and heated under reflux for 5h under N2. The mixture was cooled to RT and 
evaporated solvent. H2O (10 mL) was added to residue to form a solid precipitate. A solid 
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was collected by suction filtration and washed with EtOH (4 x 5 mL) and diethyl ether. A 
solid (0.88 g, 54%, m.p. 152 
oC) was afforded. δH (CDCl₃, 400 MHz) 7.62-7.60 (2H, m), 7.47 
(1H, d, J=7.2 Hz), 7.43 (2H, d, J =7.2 Hz),  3.74 (2H, s), vmax cm
-1
(film) 3583, 2920, 1813, 
1791, 1446, 1161, 879, 764. The desired compound 463 was synthesized successfully. 
7.1.0.42. Attempted reaction of pentafluoropyridine with 3-phenyl-4H-1, 2-
oxazine-6(5H)-one 
 
 
A solution of pentafluoropyridine (2.5 mmol, 0.42 g) in dry DMF (5 mL) and 3-phenyl-4H-
1,2-oxazine-6(5H)-one (2 mmol, 0.32 g) in THF (10 mL) was  added dropwise to a stirred 
suspension of NaH (4.5 mmol, 0.18 g, 60% dispersion in mineral oil) in dry THF (5 mL). The 
mixture was stirred at RT overnight under N2. The colour of the mixture was changed to red. 
The mixture was quenched with water ice and the solvent was evaporated and water (10 mL) 
was added to the residue. The mixture was acidified with 1M H₂SO₄. There was no solid 
precipitate formed. The aqueous mixture was extracted with CH₂Cl₂ (3 x 25 mL) and the 
combined organic layers were dried over MgSO₄, filtered and evaporated to dryness. The 
crude material (0.91 g) was collected as brown colour liquid. A solid (0.03 g, 10%), was 
afforded by column chromatography and trituration with diethyl ether and petroleum ether, 
and was identified as starting material. The washings were evaporated to give an oil, (0.25 g). 
δH (CDCl₃, 400 MHz) 7.51-7.47 (2H, m), 7.43-7.37 (3H, m), δF (CDCl₃, 376 MHz) 76.58-
76.47 (1F, m), 70.90-70.82 (1F, m), 19.19-19.00 (1F, m), (-0.86)-(1.05) (1F, m), vmax cm
-1 
(film) 3270, 1795, 1648, 1479, 1189, 940. The oil remains unidentified.  
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7.1.0.43. Reaction of pentafluoropyridine with 3-bromo-2-hydroxypyridine 
 
 
 
A solution of 3-bromo-2-hydroxypyridine (1 mmol, 0.17 g) in dry DMF (5 mL) was added 
dropwise to a stirred suspension of sodium hydride (1.5 mmol, 0.06 g, 60% dispersion in 
mineral oil) in DMF (2 mL) followed by addition of pentafluoropyridine (1.5 mmol, 0.25 g) 
in DMF (3 mL). The reaction was stirred at RT overnight. The mixture was quenched with 
water ice and the solvent was evaporated. H2O (20 mL) was added to residue to form a solid 
precipitate. A solid (0.28 g, 119-126 
o
C) was collected by suction filtration. The aqueous 
mixture was extracted with diethyl ether (3 x 25 mL) and the combined organic layers were 
dried over MgSO₄, filtered and evaporated to dryness. A solid (0.02 g) was afforded. The 
overall yield was 93%. The first solid isolated (0.28 g) was recrystallized from EtOH and 
gave colourless crystals (0.15 g, 46%, m.p. 132-134 
oC). δH (CDCl₃, 400 MHz) 7.84 (1H, dd, 
J=7.2 and 2 Hz), 7.13 (1H, d, J=6.8 Hz), 6.23 (1H, t, J=7.2 Hz),  δF (CDCl₃, 376 MHz)  
75.27-75.07 (2F, m), 18.11-17.94 (2F, m), δC (CDCl₃, 100 MHz) 156.3, 143.7 (dm, J=243 
Hz), 143.0, 138.5 (dm, J=258,  Hz), 135.1, 130.3(t, J=13 Hz), 117.6, 107.3, GC-MS (EI) m/z 
323[M
+
], vmax / cm
-1
(film) 3583, 3091, 3018, 2923, 1673, 1606, 1488, 1472, 1180, 969. EA: 
37.18 C%, 0.94 H%, 8.67 N%; C11H5BrF4N2O requires 37.05 C%, 0.97 H%, 8.48 N%. The 
reaction was successful to form desired compound 469. 
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7.1.0.44. Reaction of hexafluorobenzene with 2-mercaptobenzimidazole 
 
 
A solution of 2-mercapto-benzimidazole (4 mmol, 0.60 g) in dry THF (5mL) and   
hexafluorobenzene (2 mmol, 0.37 g) in dry DMF (1mL) was treated with a stirred suspension 
of sodium hydride (5 mmol, 0.2 g, 60% dispersion in mineral oil) in dry THF (5 mL) and the 
reaction was heated under reflux overnight. The mixture was quenched with water ice and the 
solvent was evaporated and water (20 mL) was added to the residue to form a solid 
precipitate. A solid (0.77 g, 47%, m.p. 222-224 
o
C) was afforded. The solid was 
recrystallized from TFA and EtOH, and a yellow colour solid (0.02 g) was afforded.  δH 
(TFA, C6H6, 400 MHz) 7.8-8.6 (4H, m), HRMS (ESI) m/z: found 407.0229 (MH
+
) for 
C20H8F2N4S2 requires 407.0231, vmax / cm
-1
(film) 3583, 2922, 1610, 1522, 1497, 1441, 1250, 
737, and  vmax / cm
-1
(KBr) 3414, 1612, 1508, 1442, 1250, 738. Some data suggested that the 
reaction was successful under these conditions to form desired compound 476. 
7.1.0.45. Reaction of decafluorobiphenyl with 2-mercaptobenzimidazole 
 
 
A solution of decafluorobiphenyl (2 mmol, 0.66 g) in dry THF (5 mL) and 2-
mercaptobenzimidazole (4 mmol, 0.60 g) in dry DMF (1 mL) was treated with a stirred 
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suspension of sodium hydride (5 mmol, 0.2 g, 60% dispersion in mineral oil) in dry THF (5 
mL) and the mixture was heated under reflux overnight. The mixture was quenched with 
water ice and the solvent was evaporated and water (20 mL) was added to the residue. A solid 
(1.67 g, 75%, 197-200 
o
C) was collected by suction filtration. The solid was recrystallized 
from TFA and EtOH. δH (TFA, C6H6, 400 MHz) 8.1-8.6 (4 H, m),  HRMS (ESI), m/z: found 
555.0152(MH
+
) for C26H8F6N2S2, requires 555.0167, vmax cm
-1 
(KBr) 3414, 3061, 2927, 
1640, 1613, 1472, 1250, 970, 722, vmax cm
-1
(film) 3583,1472, 1338, 1251, 1001, 970, 741, 
722. Some data suggested that the desired compound 477 was formed. 
7.1.0.46. Reaction of carbon disulphide with nitromethane
168 
 
 
A solution of potassium hydroxide (200 mmol, 11.22 g) in EtOH (60 mL) was stirred at RT 
for 1h. The stirred solution was treated with carbon disulphide (150 mmol, 7.19 mL), 
followed by addition of nitromethane (100 mmol, 4.86 mL). The colour of the mixture 
changed to brown and formed an emulsion. The mixture was diluted with EtOH (40 mL) and 
stirred at RT overnight. A solid was collected by suction filtration, and washed with EtOH (3 
x 10 mL) and diethyl ether (3 x 10 mL). A dark brown solid (6.54 g, 31%) was afforded. vmax 
/ cm
-1 
(KBr) 1633, 1425, 1385, 1184, 1270, 1228, 1118, 1049, 1140, 1006, 924, 787, 739, 
701, 669, 551, 446. The data suggested that the compound 480 was formed. 
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7.1.0.47. Attempted reaction of pentafluoropyridine with dipotassium 2-
nitroethene-1,1-dithiolate 
 
 
 
A solution of potassium salt 480 (2 mmol, 0.42 g) in dry DMSO (5 mL), was treated 
dropwise with pentafluoropyridine (5 mmol, 0.84 g). The reaction was heated under reflux 
overnight. The reaction was cooled to RT and water (10 mL) was added to the residue. The 
aqueous mixture was extracted with diethyl ether (3 x 25 mL). The combined organic layers 
were dried over MgSO4, filtered and evaporated. The crude material (0.77 g) was afforded as 
an oil. δF (CDCl3, 376 MHz) 74.18-73.79 (2F, m), 26.99-26.89 (2F, m), vmax / cm
-1
(film) 
3584, 2917, 2849, 2586, 1847, 1627, 1533, 1465, 1237, 1107, 1094, 1007, 948, 890, 603. The 
material was purified by column chromatography and eluted with ethyl acetate and methanol. 
The ethyl acetate fraction gave a brown coloured oil (0.61 g, 46%).  δF (CDCl3, 376 MHz), 
74.31-73.98 (2F, m), 27.10-26.92 (2F, m), GC-MS (EI) m/z: 332.0 (M
+
). vmax / cm
-1 
(film); 
3117, 2931, 2707, 2668, 2612, 2592, 1843, 1693, 1628, 1574, 1530, 1488, 1471, 1309, 1149, 
1105, 1090, 890, 773, 733, 696, 603, corresponding to di-tetrafluoropyrid-4-yl sulfide 483. 
The above reaction was also attempted in DCM, with triethylamine as base, and DBU as base 
in DCM at RT. In both of these reactions the main compound formed was 483 with molecular 
weight 332.0 confirmed by GC-MS.  
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7.1.0.48. Attempted reaction of hexafluorobenzene with potassium salt 480 
 
A solution of potassium salt 480 (2 mmol, 0.42 g) in dry DMSO (5 mL) was treated dropwise 
with hexafluorobenzene (10 mmol, 1.86 g). The reaction was stirred at RT overnight under 
N2. The reaction was stopped after 24 h and water (10 mL) was added to the residue and 
extracted with diethyl ether (3 x 25 mL). The combined organic layers were dried over 
MgSO4, filtered and evaporated. The crude material (0.13 g) was afforded as an oil. The 
fluorine spectrum was complicated, major signals at δF (CDCl3, 376 MHz) 74.18-73.92 (2F, 
m), 26.99-25.68 (2F, m). GC-MS (EI) m/z: 225.0, vmax /cm
-1 
(film) 3103, 3012, 2919, 2894, 
2238, 1842, 1713, 1696, 1628, 1575, 1534, 1488, 1447, 1407, 1375, 1348, 1309, 1297, 1259, 
1238, 1107, 1094, 1010, 960, 948, 890, 772, 736, 714, 709, 695, 603. The oil remains 
unidentified.  
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9.1. X-ray crystallography data 
9.1.1. Compound 195 X-ray crystal structure data 
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Compound 195 
 
Table 1. Crystal data and structure refinement for compound 195. 
 
C32H38O2S2 F(000) = 556 
Mr = 518.74 Dx = 1.240 Mg m
-3
 
Monoclinic, P21/c Mo K radiation,  = 0.71073 Å 
a = 9.061 (2) Å Cell parameters from 2493 reflections 
b = 9.366 (2) Å  = 2.3–27.8° 
c = 16.661 (4) Å  = 0.22 mm-1 
 = 100.691 (3)° T = 150 K 
V = 1389.4 (5)  Å
3
 Block, yellow 
Z = 2 0.52 × 0.27 × 0.27 mm
3 
 
Data collection 
Bruker APEX 2 CCD diffractometer 2593 reflections with I > 2(I) 
Radiation source: fine-focus sealed tube Rint = 0.041 
 rotation with narrow frames scans max = 28.3°, min = 2.3° 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
h = -1211 
Tmin = 0.895, Tmax = 0.943 k = -1212 
10658 measured reflections l = -2222 
3455 independent reflections  
 
Refinement 
Refinement on F
2
 Primary atom site location: structure-invariant 
direct methods 
Least-squares matrix: full Hydrogen site location: difference Fourier map 
R[F
2
 > 2(F2)] = 0.043 All H-atom parameters refined 
wR(F
2
) = 0.116 w = 1/[2(Fo
2
) + (0.0605P)
2
 + 0.1685P]   
where P = (Fo
2
 + 2Fc
2
)/3 
S = 1.05 (/)max = 0.001 
3455 reflections max = 0.42 e Å
-3
 
239 parameters min = -0.31 e Å
-3
 
3 restraints  
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Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) for compound 195. 
 
 x y z Uiso*/Ueq 
C1 0.36642 (17) 0.92359 (17) -0.03255 (10) 0.0249 (3) 
C2 0.49137 (18) 0.85688 (17) 0.01280 (10) 0.0251 (3) 
C3 0.62536 (17) 0.93002 (17) 0.04656 (9) 0.0239 (3) 
C4 0.73586 (18) 0.83378 (17) 0.09309 (10) 0.0256 (3) 
C5 0.87753 (19) 0.8640 (2) 0.13939 (11) 0.0294 (4) 
H5 0.907 (2) 0.959 (2) 0.1423 (12) 0.037 (5)* 
C6 0.9624 (2) 0.7546 (2) 0.18091 (11) 0.0351 (4) 
H6 1.057 (2) 0.773 (2) 0.2131 (12) 0.037 (5)* 
C7 0.9082 (2) 0.6146 (2) 0.17619 (11) 0.0353 (4) 
H7 0.965 (3) 0.542 (3) 0.2038 (14) 0.054 (7)* 
C8 0.7690 (2) 0.5812 (2) 0.13055 (11) 0.0319 (4) 
H8 0.728 (2) 0.483 (2) 0.1267 (11) 0.029 (5)* 
C9 0.68282 (18) 0.69168 (18) 0.08955 (10) 0.0267 (3) 
S1 0.50137 (5) 0.67333 (4) 0.03226 (3) 0.02827 (14) 
O1 0.23893 (12) 0.84431 (12) -0.06270 (7) 0.0274 (3) 
C10 0.14818 (19) 0.81659 (19) -0.00071 (11) 0.0290 (4) 
H10A 0.215 (2) 0.7783 (19) 0.0463 (11) 0.023 (4)* 
H10B 0.103 (2) 0.907 (2) 0.0123 (11) 0.028 (5)* 
C11 0.0267 (2) 0.7099 (2) -0.03363 (11) 0.0298 (4) 
H11A 0.075 (2) 0.627 (2) -0.0521 (12) 0.038 (5)* 
H11B -0.013 (2) 0.673 (2) 0.0119 (14) 0.043 (6)* 
C12 -0.1006 (2) 0.7678 (2) -0.09793 (12) 0.0322 (4) 
H12A -0.060 (2) 0.804 (2) -0.1421 (13) 0.034 (5)* 
H12B -0.148 (2) 0.847 (2) -0.0744 (13) 0.041 (6)* 
C13 -0.2188 (2) 0.6561 (2) -0.12935 (13) 0.0330 (4) 
H13A -0.244 (2) 0.611 (2) -0.0826 (12) 0.035 (5)* 
H13B -0.176 (2) 0.584 (3) -0.1636 (14) 0.051 (6)* 
C14 -0.3576 (2) 0.7153 (2) -0.18413 (12) 0.0363 (4) 
H14A -0.414 (3) 0.779 (2) -0.1545 (14) 0.045 (6)* 
H14B -0.330 (2) 0.772 (2) -0.2278 (14) 0.046 (6)* 
C15 -0.4673 (2) 0.6004 (3) -0.22241 (15) 0.0438 (5) 
H15A -0.488 (3) 0.541 (3) -0.1807 (15) 0.059 (7)* 
H15B -0.416 (3) 0.545 (3) -0.2581 (16) 0.070 (8)* 
C16 -0.6147 (3) 0.6599 (3) -0.26833 (16) 0.0578 (7) 
H16A -0.684 (3) 0.588 (3) -0.2941 (15) 0.073 (8)* 
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H16B -0.665 (3) 0.716 (3) -0.2306 (14) 0.073 (9)* 
H16C -0.598 (3) 0.723 (3) -0.3113 (14) 0.073 (8)* 
 
Table 3: Geometric parameters (Å, º) for compound 195. 
 
C1—O1 1.3867 (18) C10—H10A 0.964 (19) 
C1—C2 1.388 (2) C10—H10B 0.985 (19) 
C1—C3i 1.395 (2) C11—C12 1.521 (3) 
C2—C3 1.416 (2) C11—H11A 0.97 (2) 
C2—S1 1.7487 (17) C11—H11B 0.96 (2) 
C3—C1i 1.395 (2) C12—C13 1.520 (2) 
C3—C4 1.459 (2) C12—H12A 0.94 (2) 
C4—C5 1.398 (2) C12—H12B 0.98 (2) 
C4—C9 1.413 (2) C13—C14 1.515 (3) 
C5—C6 1.386 (3) C13—H13A 0.95 (2) 
C5—H5 0.93 (2) C13—H13B 1.00 (2) 
C6—C7 1.397 (3) C14—C15 1.523 (3) 
C6—H6 0.94 (2) C14—H14A 0.97 (2) 
C7—C8 1.382 (3) C14—H14B 0.97 (2) 
C7—H7 0.92 (2) C15—C16 1.517 (3) 
C8—C9 1.396 (2) C15—H15A 0.94 (3) 
C8—H8 0.987 (19) C15—H15B 0.97 (3) 
C9—S1 1.7497 (18) C16—H16A 0.967 (18) 
O1—C10 1.458 (2) C16—H16B 0.992 (18) 
C10—C11 1.513 (2) C16—H16C 0.964 (18) 
    
O1—C1—C2 119.79 (15) C10—C11—H11A 107.5 (12) 
O1—C1—C3i 122.16 (14) C12—C11—H11A 113.1 (12) 
C2—C1—C3i 118.04 (14) C10—C11—H11B 107.8 (13) 
C1—C2—C3 123.45 (15) C12—C11—H11B 109.8 (13) 
C1—C2—S1 123.54 (13) H11A—C11—H11B 102.6 (18) 
C3—C2—S1 113.00 (12) C13—C12—C11 113.00 (16) 
C1
i—C3—C2 118.50 (14) C13—C12—H12A 109.1 (12) 
C1
i—C3—C4 130.06 (15) C11—C12—H12A 108.9 (12) 
C2—C3—C4 111.44 (15) C13—C12—H12B 109.2 (13) 
C5—C4—C9 118.95 (15) C11—C12—H12B 108.8 (13) 
C5—C4—C3 129.60 (16) H12A—C12—H12B 107.7 (17) 
C9—C4—C3 111.43 (15) C14—C13—C12 114.09 (16) 
C6—C5—C4 119.54 (17) C14—C13—H13A 111.0 (12) 
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C6—C5—H5 123.7 (13) C12—C13—H13A 106.7 (12) 
C4—C5—H5 116.7 (13) C14—C13—H13B 105.4 (13) 
C5—C6—C7 120.59 (18) C12—C13—H13B 109.7 (13) 
C5—C6—H6 121.0 (13) H13A—C13—H13B 110.0 (18) 
C7—C6—H6 118.5 (13) C13—C14—C15 113.44 (18) 
C8—C7—C6 121.25 (17) C13—C14—H14A 111.8 (13) 
C8—C7—H7 118.4 (15) C15—C14—H14A 106.3 (13) 
C6—C7—H7 120.4 (15) C13—C14—H14B 110.4 (13) 
C7—C8—C9 118.15 (17) C15—C14—H14B 108.2 (13) 
C7—C8—H8 122.8 (11) H14A—C14—H14B 106.3 (19) 
C9—C8—H8 119.1 (11) C16—C15—C14 113.4 (2) 
C8—C9—C4 121.52 (16) C16—C15—H15A 108.2 (15) 
C8—C9—S1 125.30 (14) C14—C15—H15A 108.5 (15) 
C4—C9—S1 113.16 (12) C16—C15—H15B 111.5 (16) 
C2—S1—C9 90.90 (8) C14—C15—H15B 106.5 (16) 
C1—O1—C10 112.34 (12) H15A—C15—H15B 109 (2) 
O1—C10—C11 109.21 (14) C15—C16—H16A 114.2 (17) 
O1—C10—H10A 107.1 (11) C15—C16—H16B 109.9 (16) 
C11—C10—H10A 110.6 (11) H16A—C16—H16B 108 (2) 
O1—C10—H10B 108.4 (10) C15—C16—H16C 110.6 (17) 
C11—C10—H10B 110.0 (11) H16A—C16—H16C 106 (2) 
H10A—C10—H10B 111.4 (15) H16B—C16—H16C 107 (2) 
C10—C11—C12 115.17 (16)   
    
O1—C1—C2—C3 -179.29 (14) C7—C8—C9—S1 -177.19 (13) 
C3
i—C1—C2—C3 1.1 (3) C5—C4—C9—C8 -0.5 (3) 
O1—C1—C2—S1 2.2 (2) C3—C4—C9—C8 -179.16 (15) 
C3
i—C1—C2—S1 -177.44 (13) C5—C4—C9—S1 177.80 (12) 
C1—C2—C3—C1i -1.1 (3) C3—C4—C9—S1 -0.81 (18) 
S1—C2—C3—C1i 177.57 (12) C1—C2—S1—C9 -179.16 (15) 
C1—C2—C3—C4 178.32 (14) C3—C2—S1—C9 2.19 (13) 
S1—C2—C3—C4 -3.03 (17) C8—C9—S1—C2 177.52 (16) 
C1
i—C3—C4—C5 3.3 (3) C4—C9—S1—C2 -0.75 (13) 
C2—C3—C4—C5 -175.99 (16) C2—C1—O1—C10 79.64 (18) 
C1
i—C3—C4—C9 -178.26 (17) C3i—C1—O1—C10 -100.74 (18) 
C2—C3—C4—C9 2.43 (19) C1—O1—C10—C11 -170.53 (14) 
C9—C4—C5—C6 -0.3 (3) O1—C10—C11—C12 -73.07 (19) 
C3—C4—C5—C6 178.06 (16) C10—C11—C12—C13 179.56 (16) 
C4—C5—C6—C7 0.6 (3) C11—C12—C13—C14 171.63 (16) 
C5—C6—C7—C8 -0.2 (3) C12—C13—C14—C15 173.78 (17) 
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C6—C7—C8—C9 -0.5 (3) C13—C14—C15—C16 172.59 (19) 
C7—C8—C9—C4 0.9 (3)   
 
Symmetry code:  (i) -x+1, -y+2, -z. 
Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2013 (Sheldrick, 2013); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL. 
Special details 
 Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
 
9.1.2. Compound 199, X-ray crystal structure data. 
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Compound 199 
Table 1: Crystal data, data collection and refinement for the 
compound 199. 
 
C26H25FOS2 F(000) = 1840 
Mr = 436.58 Dx = 1.304 Mg m
-3
 
Monoclinic, P21/c Synchrotron radiation,  = 0.7749 Å 
a = 20.4110 (7) Å Cell parameters from 9998 reflections 
b = 9.9940 (4) Å  = 2.4–32.1° 
c = 22.4810 (8) Å  = 0.33 mm-1 
 = 104.185 (2)° T = 200 K 
V = 4446.0 (3)  Å
3
 Plate, colourless 
Z = 8 0.13 × 0.05 × 0.01 mm 
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Data collection 
Bruker APEX II CCD diffractometer 8684 reflections with I > 2(I) 
Radiation source: Advanced Light Source 
station 11.3.1 
Rint = 0.040 
 and  scans max = 32.2°, min = 2.2° 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
h = -2728 
Tmin = 0.959, Tmax = 0.997 k = -1313 
60518 measured reflections l = -3030 
12013 independent reflections  
 
Refinement 
Refinement on F
2
 Secondary atom site location: difference Fourier 
map 
Least-squares matrix: full Hydrogen site location: mixed 
R[F
2
 > 2(F2)] = 0.046 H atoms treated by a mixture of independent 
and constrained refinement 
wR(F
2
) = 0.139 w = 1/[2(Fo
2
) + (0.0777P)
2
 + 0.2791P]   
where P = (Fo
2
 + 2Fc
2
)/3 
S = 1.09 (/)max = 0.001 
12013 reflections max = 0.31 e Å
-3
 
648 parameters min = -0.35 e Å
-3
 
30 restraints Extinction correction: SHELXL, 
Fc
*
=kFc[1+0.001xFc
23/sin(2)]-1/4 
Primary atom site location: structure-invariant 
direct methods 
Extinction coefficient: 0.0020 (6) 
 
Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 
 x y z Uiso*/Ueq 
F1 0.46496 (5) 0.74015 (9) 0.50792 (4) 0.0515 (2) 
C1 0.51884 (8) 0.81991 (14) 0.53064 (7) 0.0418 (3) 
C2 0.55644 (8) 0.86526 (15) 0.49146 (6) 0.0425 (3) 
C3 0.61248 (8) 0.95082 (15) 0.51248 (7) 0.0416 (3) 
C4 0.63136 (8) 0.98509 (15) 0.57459 (7) 0.0404 (3) 
C5 0.59371 (8) 0.93413 (14) 0.61323 (6) 0.0397 (3) 
C6 0.53615 (8) 0.85318 (14) 0.59225 (6) 0.0400 (3) 
S1 0.54213 (2) 0.82558 (4) 0.41382 (2) 0.05003 (12) 
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C7 0.64337 (9) 0.98672 (16) 0.46290 (7) 0.0462 (4) 
C8 0.61112 (9) 0.92256 (16) 0.40769 (7) 0.0488 (4) 
C9 0.63356 (12) 0.9395 (2) 0.35427 (8) 0.0595 (5) 
H9 0.6106 (10) 0.893 (2) 0.3165 (10) 0.066 (6)* 
C10 0.68769 (13) 1.0210 (2) 0.35639 (9) 0.0680 (6) 
H10 0.7025 (11) 1.038 (2) 0.3188 (11) 0.072 (6)* 
C11 0.71936 (12) 1.0874 (2) 0.41008 (9) 0.0641 (5) 
H11 0.7561 (11) 1.141 (2) 0.4095 (9) 0.061 (6)* 
C12 0.69754 (10) 1.0709 (2) 0.46311 (9) 0.0553 (4) 
H12 0.7201 (10) 1.120 (2) 0.4973 (10) 0.061 (6)* 
S2 0.61180 (2) 0.96125 (4) 0.69229 (2) 0.04328 (11) 
C13 0.50488 (8) 0.81480 (14) 0.64130 (7) 0.0419 (3) 
C14 0.54151 (8) 0.86724 (15) 0.69795 (7) 0.0424 (3) 
C15 0.52154 (9) 0.84057 (17) 0.75190 (8) 0.0488 (4) 
H15 0.5457 (9) 0.8786 (18) 0.7895 (9) 0.049 (5)* 
C16 0.46536 (10) 0.76121 (19) 0.74856 (8) 0.0541 (4) 
H16 0.4498 (10) 0.742 (2) 0.7845 (10) 0.060 (5)* 
C17 0.42872 (10) 0.71055 (18) 0.69284 (8) 0.0529 (4) 
H17 0.3901 (10) 0.658 (2) 0.6899 (9) 0.055 (5)* 
C18 0.44796 (9) 0.73671 (16) 0.63918 (8) 0.0477 (4) 
H18 0.4228 (9) 0.7014 (19) 0.6019 (9) 0.052 (5)* 
O1 0.68768 (6) 1.06122 (10) 0.59825 (5) 0.0435 (2) 
C19 0.67395 (10) 1.20175 (16) 0.60601 (9) 0.0488 (4) 
H19A 0.6600 (10) 1.2408 (19) 0.5649 (10) 0.056 (5)* 
H19B 0.6401 (10) 1.212 (2) 0.6229 (9) 0.056 (6)* 
C20 0.73619 (10) 1.26146 (19) 0.64694 (9) 0.0549 (4) 
H20A 0.7736 (10) 1.2469 (18) 0.6285 (9) 0.049 (5)* 
H20B 0.7317 (10) 1.362 (2) 0.6459 (9) 0.063 (6)* 
C21 0.75267 (11) 1.2041 (2) 0.71134 (9) 0.0595 (5) 
H21A 0.7153 (11) 1.214 (2) 0.7316 (11) 0.072 (7)* 
H21B 0.7612 (11) 1.106 (2) 0.7095 (11) 0.075 (6)* 
C22 0.81543 (12) 1.2613 (2) 0.75393 (10) 0.0665 (5) 
H22A 0.8543 (12) 1.257 (2) 0.7347 (11) 0.081 (7)* 
H22B 0.8104 (11) 1.359 (2) 0.7593 (10) 0.073 (6)* 
C23 0.83256 (14) 1.1954 (3) 0.81653 (11) 0.0755 (6) 
H23A 0.8441 (15) 1.097 (3) 0.8117 (14) 0.108 (10)* 
H23B 0.7889 (13) 1.204 (2) 0.8309 (12) 0.085 (7)* 
C24 0.89279 (14) 1.2545 (3) 0.86108 (11) 0.0957 (9) 
H24A 0.8840 1.3504 0.8669 0.115* 
H24B 0.9325 1.2485 0.8433 0.115* 
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C25 0.90923 (18) 1.1858 (5) 0.92284 (14) 0.1418 (17) 
H25A 0.9201 1.0907 0.9174 0.170* 
H25B 0.8691 1.1886 0.9401 0.170* 
C26 0.9690 (2) 1.2519 (6) 0.96809 (16) 0.189 (3) 
H26A 1.0069 1.2612 0.9488 0.284* 
H26B 0.9828 1.1961 1.0049 0.284* 
H26C 0.9555 1.3404 0.9795 0.284* 
F2 0.61905 (5) 0.51866 (10) 0.44540 (5) 0.0562 (3) 
C27 0.67408 (8) 0.59316 (16) 0.47128 (7) 0.0454 (3) 
C28 0.68799 (8) 0.62446 (15) 0.53284 (7) 0.0425 (3) 
C29 0.74704 (8) 0.69952 (16) 0.55770 (7) 0.0438 (3) 
C30 0.79008 (8) 0.74347 (17) 0.52267 (7) 0.0464 (3) 
C31 0.77407 (9) 0.71085 (16) 0.46016 (7) 0.0461 (3) 
C32 0.71580 (9) 0.63419 (17) 0.43548 (7) 0.0463 (3) 
S3 0.76049 (2) 0.72267 (4) 0.63673 (2) 0.04818 (11) 
C33 0.65232 (8) 0.58839 (15) 0.57900 (7) 0.0420 (3) 
C34 0.68669 (9) 0.63521 (15) 0.63728 (7) 0.0439 (3) 
C35 0.66175 (10) 0.60996 (17) 0.68877 (8) 0.0511 (4) 
H35 0.6871 (9) 0.6415 (19) 0.7281 (9) 0.050 (5)* 
C36 0.60272 (11) 0.53909 (18) 0.68093 (9) 0.0564 (4) 
H36 0.5874 (10) 0.524 (2) 0.7170 (10) 0.063 (6)* 
C37 0.56788 (10) 0.49330 (18) 0.62357 (9) 0.0545 (4) 
H37 0.5250 (11) 0.446 (2) 0.6183 (10) 0.067 (6)* 
C38 0.59211 (9) 0.51767 (16) 0.57245 (8) 0.0479 (4) 
H38 0.5672 (10) 0.4917 (18) 0.5326 (9) 0.050 (5)* 
S4 0.70406 (3) 0.59974 (5) 0.35757 (2) 0.05623 (13) 
C39 0.81029 (9) 0.74219 (18) 0.41334 (8) 0.0505 (4) 
C40 0.77700 (10) 0.68880 (18) 0.35601 (8) 0.0531 (4) 
C41 0.80183 (12) 0.7079 (2) 0.30402 (9) 0.0626 (5) 
H41 0.7797 (10) 0.670 (2) 0.2667 (10) 0.066 (6)* 
C42 0.86013 (13) 0.7816 (2) 0.31007 (10) 0.0714 (6) 
H42 0.8760 (12) 0.797 (2) 0.2720 (11) 0.078 (7)* 
C43 0.89404 (13) 0.8335 (3) 0.36651 (11) 0.0721 (6) 
H43 0.9348 (14) 0.880 (3) 0.3747 (12) 0.092 (8)* 
C44 0.86950 (11) 0.8141 (2) 0.41808 (9) 0.0619 (5) 
H44 0.8922 (11) 0.845 (2) 0.4611 (11) 0.072 (6)* 
O2 0.84883 (6) 0.80837 (13) 0.55021 (6) 0.0528 (3) 
C45 0.84190 (11) 0.9492 (2) 0.56009 (10) 0.0655 (5) 
H45A 0.8025 0.9652 0.5775 0.079* 
H45B 0.8344 0.9976 0.5206 0.079* 
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C46 0.90457 (12) 0.9995 (2) 0.60321 (10) 0.0731 (6) 
H46A 0.9026 1.0984 0.6048 0.088* 
H46B 0.9440 0.9750 0.5871 0.088* 
C47 0.91493 (12) 0.9448 (2) 0.66745 (10) 0.0716 (6) 
H47A 0.9186 0.8461 0.6659 0.086* 
H47B 0.8746 0.9660 0.6827 0.086* 
C48 0.97684 (13) 0.9988 (2) 0.71244 (11) 0.0749 (6) 
H48A 1.0168 0.9827 0.6958 0.090* 
H48B 0.9718 1.0968 0.7159 0.090* 
C49 0.98963 (14) 0.9395 (3) 0.77447 (11) 0.0860 (7) 
H49A 0.9934 0.8414 0.7704 0.103* 
H49B 0.9496 0.9567 0.7908 0.103* 
C50 1.05102 (15) 0.9871 (3) 0.82121 (11) 0.0861 (7) 
H50A 1.0904 0.9831 0.8029 0.103* 
H50B 1.0443 1.0820 0.8310 0.103* 
C51 1.0667 (2) 0.9091 (4) 0.87915 (15) 0.1307 (14) 
H51A 1.0263 0.9115 0.8962 0.157* 
H51B 1.0736 0.8148 0.8688 0.157* 
C52 1.1245 (2) 0.9498 (4) 0.92733 (15) 0.1275 (13) 
H52A 1.1144 1.0347 0.9451 0.191* 
H52B 1.1638 0.9613 0.9101 0.191* 
H52C 1.1342 0.8810 0.9594 0.191* 
 
Table 3: Geometric parameters (Å, º) 
 
F1—C1 1.3530 (18) F2—C27 1.3543 (19) 
C1—C2 1.379 (2) C27—C32 1.370 (2) 
C1—C6 1.383 (2) C27—C28 1.379 (2) 
C2—C3 1.414 (2) C28—C29 1.413 (2) 
C2—S1 1.7433 (15) C28—C33 1.452 (2) 
C3—C4 1.397 (2) C29—C30 1.387 (2) 
C3—C7 1.454 (2) C29—S3 1.7453 (15) 
C4—O1 1.3726 (18) C30—O2 1.370 (2) 
C4—C5 1.390 (2) C30—C31 1.401 (2) 
C5—C6 1.409 (2) C31—C32 1.409 (2) 
C5—S2 1.7456 (14) C31—C39 1.461 (2) 
C6—C13 1.454 (2) C32—S4 1.7430 (15) 
S1—C8 1.742 (2) S3—C34 1.7443 (17) 
C7—C12 1.388 (3) C33—C38 1.394 (2) 
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C7—C8 1.409 (2) C33—C34 1.406 (2) 
C8—C9 1.397 (2) C34—C35 1.397 (2) 
C9—C10 1.364 (3) C35—C36 1.371 (3) 
C9—H9 0.98 (2) C35—H35 0.962 (19) 
C10—C11 1.390 (3) C36—C37 1.389 (3) 
C10—H10 0.98 (2) C36—H36 0.95 (2) 
C11—C12 1.381 (3) C37—C38 1.380 (2) 
C11—H11 0.93 (2) C37—H37 0.98 (2) 
C12—H12 0.93 (2) C38—H38 0.951 (19) 
S2—C14 1.7454 (17) S4—C40 1.742 (2) 
C13—C18 1.391 (2) C39—C44 1.387 (3) 
C13—C14 1.410 (2) C39—C40 1.406 (2) 
C14—C15 1.397 (2) C40—C41 1.396 (2) 
C15—C16 1.381 (3) C41—C42 1.378 (3) 
C15—H15 0.948 (19) C41—H41 0.93 (2) 
C16—C17 1.388 (3) C42—C43 1.389 (3) 
C16—H16 0.96 (2) C42—H42 1.00 (2) 
C17—C18 1.382 (2) C43—C44 1.385 (3) 
C17—H17 0.94 (2) C43—H43 0.93 (3) 
C18—H18 0.94 (2) C44—H44 1.01 (2) 
O1—C19 1.4510 (19) O2—C45 1.438 (2) 
C19—C20 1.498 (3) C45—C46 1.490 (3) 
C19—H19A 0.98 (2) C45—H45A 0.9900 
C19—H19B 0.87 (2) C45—H45B 0.9900 
C20—C21 1.516 (3) C46—C47 1.510 (3) 
C20—H20A 0.96 (2) C46—H46A 0.9900 
C20—H20B 1.01 (2) C46—H46B 0.9900 
C21—C22 1.511 (3) C47—C48 1.512 (3) 
C21—H21A 0.98 (2) C47—H47A 0.9900 
C21—H21B 1.00 (2) C47—H47B 0.9900 
C22—C23 1.515 (3) C48—C49 1.478 (3) 
C22—H22A 0.99 (3) C48—H48A 0.9900 
C22—H22B 0.99 (2) C48—H48B 0.9900 
C23—C24 1.503 (3) C49—C50 1.502 (4) 
C23—H23A 1.03 (3) C49—H49A 0.9900 
C23—H23B 1.02 (3) C49—H49B 0.9900 
C24—C25 1.511 (4) C50—C51 1.484 (4) 
C24—H24A 0.9900 C50—H50A 0.9900 
C24—H24B 0.9900 C50—H50B 0.9900 
C25—C26 1.533 (5) C51—C52 1.451 (4) 
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C25—H25A 0.9900 C51—H51A 0.9900 
C25—H25B 0.9900 C51—H51B 0.9900 
C26—H26A 0.9800 C52—H52A 0.9800 
C26—H26B 0.9800 C52—H52B 0.9800 
C26—H26C 0.9800 C52—H52C 0.9800 
    
F1—C1—C2 118.72 (13) F2—C27—C32 118.79 (14) 
F1—C1—C6 120.28 (14) F2—C27—C28 120.07 (15) 
C2—C1—C6 120.99 (14) C32—C27—C28 121.12 (15) 
C1—C2—C3 121.11 (13) C27—C28—C29 117.59 (14) 
C1—C2—S1 125.58 (12) C27—C28—C33 130.18 (15) 
C3—C2—S1 113.31 (12) C29—C28—C33 112.19 (13) 
C4—C3—C2 119.00 (14) C30—C29—C28 122.75 (14) 
C4—C3—C7 129.85 (15) C30—C29—S3 124.93 (13) 
C2—C3—C7 111.12 (13) C28—C29—S3 112.27 (12) 
O1—C4—C5 119.98 (13) O2—C30—C29 119.94 (14) 
O1—C4—C3 121.52 (14) O2—C30—C31 121.76 (15) 
C5—C4—C3 118.40 (14) C29—C30—C31 118.13 (15) 
C4—C5—C6 122.99 (13) C30—C31—C32 119.22 (15) 
C4—C5—S2 124.62 (12) C30—C31—C39 129.65 (16) 
C6—C5—S2 112.39 (11) C32—C31—C39 111.11 (14) 
C1—C6—C5 117.43 (14) C27—C32—C31 121.17 (14) 
C1—C6—C13 130.07 (15) C27—C32—S4 125.38 (13) 
C5—C6—C13 112.49 (13) C31—C32—S4 113.45 (12) 
C8—S1—C2 90.70 (8) C34—S3—C29 91.16 (8) 
C12—C7—C8 118.58 (16) C38—C33—C34 119.53 (15) 
C12—C7—C3 129.92 (15) C38—C33—C28 129.35 (15) 
C8—C7—C3 111.50 (15) C34—C33—C28 111.12 (14) 
C9—C8—C7 121.45 (18) C35—C34—C33 120.80 (16) 
C9—C8—S1 125.24 (15) C35—C34—S3 125.96 (13) 
C7—C8—S1 113.31 (13) C33—C34—S3 113.24 (12) 
C10—C9—C8 118.41 (18) C36—C35—C34 118.29 (17) 
C10—C9—H9 121.6 (12) C36—C35—H35 123.0 (11) 
C8—C9—H9 120.0 (13) C34—C35—H35 118.7 (11) 
C9—C10—C11 121.05 (19) C35—C36—C37 121.57 (17) 
C9—C10—H10 119.5 (13) C35—C36—H36 115.8 (13) 
C11—C10—H10 119.3 (13) C37—C36—H36 122.6 (13) 
C12—C11—C10 120.8 (2) C38—C37—C36 120.59 (18) 
C12—C11—H11 121.1 (13) C38—C37—H37 118.6 (13) 
C10—C11—H11 118.1 (13) C36—C37—H37 120.8 (13) 
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C11—C12—C7 119.66 (19) C37—C38—C33 119.22 (17) 
C11—C12—H12 116.9 (13) C37—C38—H38 121.2 (12) 
C7—C12—H12 123.5 (13) C33—C38—H38 119.5 (11) 
C14—S2—C5 91.03 (7) C40—S4—C32 90.66 (8) 
C18—C13—C14 119.55 (15) C44—C39—C40 118.88 (16) 
C18—C13—C6 129.81 (14) C44—C39—C31 129.85 (16) 
C14—C13—C6 110.64 (14) C40—C39—C31 111.27 (16) 
C15—C14—C13 120.68 (15) C41—C40—C39 121.49 (19) 
C15—C14—S2 125.87 (13) C41—C40—S4 125.01 (16) 
C13—C14—S2 113.43 (12) C39—C40—S4 113.50 (13) 
C16—C15—C14 118.51 (16) C42—C41—C40 118.2 (2) 
C16—C15—H15 121.4 (11) C42—C41—H41 121.5 (14) 
C14—C15—H15 120.0 (11) C40—C41—H41 120.3 (14) 
C15—C16—C17 121.02 (17) C41—C42—C43 121.01 (19) 
C15—C16—H16 120.9 (12) C41—C42—H42 116.8 (14) 
C17—C16—H16 118.1 (12) C43—C42—H42 122.1 (14) 
C18—C17—C16 120.89 (18) C44—C43—C42 120.7 (2) 
C18—C17—H17 117.3 (12) C44—C43—H43 113.2 (17) 
C16—C17—H17 121.8 (12) C42—C43—H43 126.0 (17) 
C17—C18—C13 119.33 (16) C43—C44—C39 119.7 (2) 
C17—C18—H18 119.9 (12) C43—C44—H44 125.5 (13) 
C13—C18—H18 120.8 (12) C39—C44—H44 114.8 (13) 
C4—O1—C19 114.52 (12) C30—O2—C45 115.15 (14) 
O1—C19—C20 107.44 (14) O2—C45—C46 109.23 (18) 
O1—C19—H19A 107.0 (12) O2—C45—H45A 109.8 
C20—C19—H19A 115.3 (12) C46—C45—H45A 109.8 
O1—C19—H19B 111.0 (13) O2—C45—H45B 109.8 
C20—C19—H19B 109.4 (13) C46—C45—H45B 109.8 
H19A—C19—H19B 106.8 (17) H45A—C45—H45B 108.3 
C19—C20—C21 113.10 (16) C45—C46—C47 113.39 (19) 
C19—C20—H20A 108.5 (11) C45—C46—H46A 108.9 
C21—C20—H20A 109.9 (11) C47—C46—H46A 108.9 
C19—C20—H20B 108.9 (11) C45—C46—H46B 108.9 
C21—C20—H20B 113.3 (12) C47—C46—H46B 108.9 
H20A—C20—H20B 102.6 (16) H46A—C46—H46B 107.7 
C22—C21—C20 114.67 (18) C46—C47—C48 114.11 (19) 
C22—C21—H21A 107.6 (13) C46—C47—H47A 108.7 
C20—C21—H21A 112.9 (13) C48—C47—H47A 108.7 
C22—C21—H21B 105.6 (13) C46—C47—H47B 108.7 
C20—C21—H21B 109.3 (14) C48—C47—H47B 108.7 
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H21A—C21—H21B 106.2 (19) H47A—C47—H47B 107.6 
C21—C22—C23 113.0 (2) C49—C48—C47 114.4 (2) 
C21—C22—H22A 110.5 (14) C49—C48—H48A 108.7 
C23—C22—H22A 111.0 (14) C47—C48—H48A 108.7 
C21—C22—H22B 110.6 (13) C49—C48—H48B 108.7 
C23—C22—H22B 108.8 (13) C47—C48—H48B 108.7 
H22A—C22—H22B 102.4 (19) H48A—C48—H48B 107.6 
C24—C23—C22 114.4 (2) C48—C49—C50 117.2 (2) 
C24—C23—H23A 106.1 (17) C48—C49—H49A 108.0 
C22—C23—H23A 109.1 (17) C50—C49—H49A 108.0 
C24—C23—H23B 112.9 (14) C48—C49—H49B 108.0 
C22—C23—H23B 103.5 (14) C50—C49—H49B 108.0 
H23A—C23—H23B 111 (2) H49A—C49—H49B 107.2 
C23—C24—C25 113.3 (3) C51—C50—C49 114.3 (2) 
C23—C24—H24A 108.9 C51—C50—H50A 108.7 
C25—C24—H24A 108.9 C49—C50—H50A 108.7 
C23—C24—H24B 108.9 C51—C50—H50B 108.7 
C25—C24—H24B 108.9 C49—C50—H50B 108.7 
H24A—C24—H24B 107.7 H50A—C50—H50B 107.6 
C24—C25—C26 112.1 (3) C52—C51—C50 118.0 (3) 
C24—C25—H25A 109.2 C52—C51—H51A 107.8 
C26—C25—H25A 109.2 C50—C51—H51A 107.8 
C24—C25—H25B 109.2 C52—C51—H51B 107.8 
C26—C25—H25B 109.2 C50—C51—H51B 107.8 
H25A—C25—H25B 107.9 H51A—C51—H51B 107.2 
C25—C26—H26A 109.5 C51—C52—H52A 109.5 
C25—C26—H26B 109.5 C51—C52—H52B 109.5 
H26A—C26—H26B 109.5 H52A—C52—H52B 109.5 
C25—C26—H26C 109.5 C51—C52—H52C 109.5 
H26A—C26—H26C 109.5 H52A—C52—H52C 109.5 
H26B—C26—H26C 109.5 H52B—C52—H52C 109.5 
    
F1—C1—C2—C3 178.82 (13) F2—C27—C28—C29 178.39 (14) 
C6—C1—C2—C3 -2.2 (2) C32—C27—C28—C29 -0.4 (2) 
F1—C1—C2—S1 -1.6 (2) F2—C27—C28—C33 0.9 (3) 
C6—C1—C2—S1 177.36 (12) C32—C27—C28—C33 -177.94 (16) 
C1—C2—C3—C4 2.6 (2) C27—C28—C29—C30 0.9 (2) 
S1—C2—C3—C4 -176.97 (11) C33—C28—C29—C30 178.88 (15) 
C1—C2—C3—C7 -179.13 (14) C27—C28—C29—S3 -176.43 (12) 
S1—C2—C3—C7 1.29 (16) C33—C28—C29—S3 1.52 (17) 
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C2—C3—C4—O1 176.06 (13) C28—C29—C30—O2 -175.77 (14) 
C7—C3—C4—O1 -1.8 (3) S3—C29—C30—O2 1.3 (2) 
C2—C3—C4—C5 -0.5 (2) C28—C29—C30—C31 -0.4 (3) 
C7—C3—C4—C5 -178.36 (15) S3—C29—C30—C31 176.63 (13) 
O1—C4—C5—C6 -178.74 (13) O2—C30—C31—C32 174.66 (15) 
C3—C4—C5—C6 -2.1 (2) C29—C30—C31—C32 -0.6 (2) 
O1—C4—C5—S2 0.9 (2) O2—C30—C31—C39 -3.9 (3) 
C3—C4—C5—S2 177.51 (11) C29—C30—C31—C39 -179.18 (16) 
F1—C1—C6—C5 178.60 (13) F2—C27—C32—C31 -179.42 (14) 
C2—C1—C6—C5 -0.4 (2) C28—C27—C32—C31 -0.6 (3) 
F1—C1—C6—C13 0.3 (2) F2—C27—C32—S4 0.6 (2) 
C2—C1—C6—C13 -178.64 (15) C28—C27—C32—S4 179.39 (13) 
C4—C5—C6—C1 2.6 (2) C30—C31—C32—C27 1.1 (3) 
S2—C5—C6—C1 -177.09 (11) C39—C31—C32—C27 179.93 (15) 
C4—C5—C6—C13 -178.85 (13) C30—C31—C32—S4 -178.84 (13) 
S2—C5—C6—C13 1.46 (16) C39—C31—C32—S4 -0.05 (18) 
C1—C2—S1—C8 -179.44 (14) C30—C29—S3—C34 -178.33 (15) 
C3—C2—S1—C8 0.12 (12) C28—C29—S3—C34 -1.04 (13) 
C4—C3—C7—C12 -4.2 (3) C27—C28—C33—C38 -3.7 (3) 
C2—C3—C7—C12 177.80 (17) C29—C28—C33—C38 178.67 (15) 
C4—C3—C7—C8 175.58 (16) C27—C28—C33—C34 176.33 (16) 
C2—C3—C7—C8 -2.43 (19) C29—C28—C33—C34 -1.29 (19) 
C12—C7—C8—C9 1.6 (3) C38—C33—C34—C35 1.0 (2) 
C3—C7—C8—C9 -178.22 (16) C28—C33—C34—C35 -179.06 (15) 
C12—C7—C8—S1 -177.63 (13) C38—C33—C34—S3 -179.45 (12) 
C3—C7—C8—S1 2.57 (18) C28—C33—C34—S3 0.51 (17) 
C2—S1—C8—C9 179.26 (16) C29—S3—C34—C35 179.84 (15) 
C2—S1—C8—C7 -1.56 (13) C29—S3—C34—C33 0.29 (13) 
C7—C8—C9—C10 -0.4 (3) C33—C34—C35—C36 -0.4 (3) 
S1—C8—C9—C10 178.70 (15) S3—C34—C35—C36 -179.91 (14) 
C8—C9—C10—C11 -0.9 (3) C34—C35—C36—C37 -0.2 (3) 
C9—C10—C11—C12 1.1 (3) C35—C36—C37—C38 0.3 (3) 
C10—C11—C12—C7 0.1 (3) C36—C37—C38—C33 0.3 (3) 
C8—C7—C12—C11 -1.4 (3) C34—C33—C38—C37 -0.9 (2) 
C3—C7—C12—C11 178.37 (18) C28—C33—C38—C37 179.12 (16) 
C4—C5—S2—C14 179.21 (14) C27—C32—S4—C40 179.60 (16) 
C6—C5—S2—C14 -1.10 (12) C31—C32—S4—C40 -0.42 (14) 
C1—C6—C13—C18 -1.8 (3) C30—C31—C39—C44 -1.1 (3) 
C5—C6—C13—C18 179.89 (15) C32—C31—C39—C44 -179.69 (19) 
C1—C6—C13—C14 177.22 (15) C30—C31—C39—C40 179.28 (17) 
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C5—C6—C13—C14 -1.09 (18) C32—C31—C39—C40 0.6 (2) 
C18—C13—C14—C15 0.6 (2) C44—C39—C40—C41 -0.7 (3) 
C6—C13—C14—C15 -178.56 (14) C31—C39—C40—C41 179.00 (16) 
C18—C13—C14—S2 179.39 (12) C44—C39—C40—S4 179.31 (15) 
C6—C13—C14—S2 0.26 (17) C31—C39—C40—S4 -0.97 (19) 
C5—S2—C14—C15 179.22 (15) C32—S4—C40—C41 -179.17 (17) 
C5—S2—C14—C13 0.47 (12) C32—S4—C40—C39 0.81 (14) 
C13—C14—C15—C16 0.3 (2) C39—C40—C41—C42 -0.4 (3) 
S2—C14—C15—C16 -178.35 (13) S4—C40—C41—C42 179.62 (16) 
C14—C15—C16—C17 -1.0 (3) C40—C41—C42—C43 1.2 (3) 
C15—C16—C17—C18 0.8 (3) C41—C42—C43—C44 -0.9 (4) 
C16—C17—C18—C13 0.1 (3) C42—C43—C44—C39 -0.2 (4) 
C14—C13—C18—C17 -0.8 (2) C40—C39—C44—C43 1.0 (3) 
C6—C13—C18—C17 178.19 (16) C31—C39—C44—C43 -178.7 (2) 
C5—C4—O1—C19 -84.13 (17) C29—C30—O2—C45 -83.4 (2) 
C3—C4—O1—C19 99.38 (17) C31—C30—O2—C45 101.4 (2) 
C4—O1—C19—C20 164.96 (14) C30—O2—C45—C46 166.20 (16) 
O1—C19—C20—C21 -64.9 (2) O2—C45—C46—C47 -67.4 (3) 
C19—C20—C21—C22 179.63 (19) C45—C46—C47—C48 -177.7 (2) 
C20—C21—C22—C23 -176.4 (2) C46—C47—C48—C49 -176.4 (2) 
C21—C22—C23—C24 -177.1 (2) C47—C48—C49—C50 179.0 (2) 
C22—C23—C24—C25 -179.3 (3) C48—C49—C50—C51 -171.0 (3) 
C23—C24—C25—C26 -177.7 (4) C49—C50—C51—C52 -178.9 (4) 
 
Computing details 
Data collection: Bruker APEX2; cell refinement: Bruker SAINT v8.30c; data reduction: Bruker SAINT 
v8.30c; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL2013 (Sheldrick, 2013); molecular graphics: Bruker SHELXTL; software used to 
prepare material for publication: Bruker SHELXTL. 
Special details 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using 
the full covariance matrix. The cell esds are taken into account individually in the estimation of esds 
in distances, angles and torsion angles; correlations between esds in cell parameters are only used 
when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 
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9.1.3. Compound 196 X-ray crystal structure data 
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Compound 196 
Table 1: Crystal data, data collection and refinement for the 
compound 196. 
C34H42O2S2 Z = 1 
Mr = 546.79 F(000) = 294 
Triclinic, P¯1 Dx = 1.225 Mg m
-3
 
a = 7.6682 (7) Å Mo K radiation,  = 0.71073 Å 
b = 9.3072 (8) Å Cell parameters from 6395 reflections 
c = 11.1636 (9) Å  = 2.4–30.6° 
 = 102.6670 (12)°  = 0.21 mm-1 
 = 94.2286 (13)° T = 150 K 
 = 105.6268 (13)° Plate, colourless 
V = 741.10 (11) Å
3
 0.95 × 0.28 × 0.06 mm
3
 
 
Data collection 
Bruker APEX 2 CCD area detector  
diffractometer 
4498 independent reflections 
Radiation source: fine-focus sealed tube 3995 reflections with I > 2(I) 
Graphite monochromator Rint = 0.016 
 rotation with narrow frames scans max = 30.6°, min = 1.9° 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
h = -1010 
Tmin = 0.826, Tmax = 0.988 k = -1313 
11865 measured reflections l = -1515 
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Refinement 
Refinement on F
2
 Primary atom site location: iterative 
Least-squares matrix: full Hydrogen site location: difference Fourier map 
R[F
2
 > 2(F2)] = 0.034 Only H-atom coordinates refined 
wR(F
2
) = 0.094 w = 1/[2(Fo
2
) + (0.0552P)
2
 + 0.1021P]   
where P = (Fo
2
 + 2Fc
2
)/3 
S = 1.08 (/)max = 0.001 
4498 reflections max = 0.49 e Å
-3
 
254 parameters min = -0.19 e Å
-3
 
0 restraints  
Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 
 x y z Uiso*/Ueq 
C1 0.41272 (12) 0.34702 (10) 0.42972 (8) 0.01781 (16) 
C2 0.49785 (12) 0.46224 (10) 0.37420 (8) 0.01803 (16) 
C3 0.58746 (11) 0.61541 (10) 0.44219 (8) 0.01770 (16) 
C4 0.66582 (12) 0.71181 (10) 0.36124 (9) 0.01968 (17) 
C5 0.77286 (13) 0.86673 (11) 0.39141 (10) 0.02402 (19) 
H5 0.8029 (18) 0.9249 (16) 0.4752 (13) 0.031 (3)* 
C6 0.83359 (15) 0.93482 (12) 0.29720 (11) 0.0298 (2) 
H6 0.901 (2) 1.0348 (19) 0.3160 (15) 0.047 (4)* 
C7 0.78914 (16) 0.85114 (13) 0.17321 (11) 0.0317 (2) 
H7 0.833 (2) 0.8989 (18) 0.1082 (14) 0.044 (4)* 
C8 0.68662 (15) 0.69775 (13) 0.14108 (10) 0.0279 (2) 
H8 0.6628 (19) 0.6401 (16) 0.0575 (13) 0.032 (3)* 
C9 0.62633 (13) 0.62842 (11) 0.23589 (9) 0.02131 (18) 
S1 0.50113 (3) 0.43530 (3) 0.21471 (2) 0.02186 (8) 
O1 0.32965 (9) 0.19995 (7) 0.35771 (6) 0.02038 (14) 
C10 0.45361 (13) 0.10545 (11) 0.34749 (10) 0.02347 (19) 
H10A 0.5597 (19) 0.1542 (16) 0.3095 (13) 0.028* 
H10B 0.4995 (18) 0.1006 (15) 0.4324 (12) 0.028* 
C11 0.34962 (14) -0.05259 (11) 0.26838 (10) 0.02407 (19) 
H11A 0.4302 (19) -0.1188 (16) 0.2703 (13) 0.035 (4)* 
H11B 0.241 (2) -0.0926 (17) 0.3055 (14) 0.034 (4)* 
C12 0.29322 (15) -0.05652 (11) 0.13363 (10) 0.0256 (2) 
H12A 0.398 (2) -0.0096 (18) 0.0977 (15) 0.043 (4)* 
356 
 
H12B 0.215 (2) 0.0083 (17) 0.1310 (13) 0.037 (4)* 
C13 0.19930 (14) -0.22051 (11) 0.05674 (10) 0.02497 (19) 
H13A 0.2844 (19) -0.2834 (16) 0.0572 (13) 0.032 (3)* 
H13B 0.094 (2) -0.2670 (16) 0.0955 (13) 0.034 (4)* 
C14 0.13517 (15) -0.23167 (11) -0.07820 (10) 0.0262 (2) 
H14A 0.238 (2) -0.1908 (17) -0.1197 (14) 0.039 (4)* 
H14B 0.051 (2) -0.1703 (18) -0.0827 (14) 0.040 (4)* 
C15 0.03637 (13) -0.39658 (11) -0.15147 (9) 0.02391 (19) 
H15A 0.1102 (19) -0.4646 (16) -0.1399 (13) 0.035 (4)* 
H15B -0.0834 (19) -0.4351 (16) -0.1183 (13) 0.030 (3)* 
C16 -0.00286 (15) -0.41326 (13) -0.29007 (10) 0.0294 (2) 
H16A 0.112 (2) -0.3778 (19) -0.3195 (15) 0.047 (4)* 
H16B -0.0727 (19) -0.3465 (16) -0.3055 (13) 0.031 (3)* 
C17 -0.10200 (17) -0.57891 (14) -0.36146 (12) 0.0343 (2) 
H17A -0.127 (3) -0.585 (2) -0.4479 (18) 0.066 (5)* 
H17B -0.030 (2) -0.6447 (19) -0.3563 (15) 0.047 (4)* 
H17C -0.217 (2) -0.6185 (17) -0.3284 (14) 0.038 (4)* 
 
Table 3: Geometric parameters (Å, º) for compound 196. 
 
C1—O1 1.3776 (10) C11—C12 1.5240 (14) 
C1—C2 1.3908 (12) C11—H11A 0.985 (14) 
C1—C3i 1.3959 (12) C11—H11B 0.976 (15) 
C2—C3 1.4147 (12) C12—C13 1.5255 (13) 
C2—S1 1.7458 (9) C12—H12A 0.967 (16) 
C3—C4 1.4587 (12) C12—H12B 0.962 (15) 
C4—C5 1.4053 (13) C13—C14 1.5220 (15) 
C4—C9 1.4096 (13) C13—H13A 0.987 (14) 
C5—C6 1.3893 (14) C13—H13B 0.985 (15) 
C5—H5 0.948 (14) C14—C15 1.5266 (13) 
C6—C7 1.3976 (17) C14—H14A 0.977 (16) 
C6—H6 0.905 (16) C14—H14B 0.973 (15) 
C7—C8 1.3835 (16) C15—C16 1.5197 (15) 
C7—H7 0.967 (16) C15—H15A 0.978 (14) 
C8—C9 1.4005 (13) C15—H15B 1.020 (14) 
C8—H8 0.946 (14) C16—C17 1.5265 (15) 
C9—S1 1.7489 (10) C16—H16A 0.961 (17) 
O1—C10 1.4535 (11) C16—H16B 0.957 (14) 
C10—C11 1.5079 (13) C17—H17A 0.96 (2) 
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C10—H10A 0.992 (14) C17—H17B 0.934 (17) 
C10—H10B 1.002 (13) C17—H17C 0.991 (15) 
    
O1—C1—C2 119.66 (8) C12—C11—H11B 109.7 (8) 
O1—C1—C3i 121.68 (8) H11A—C11—H11B 108.8 (12) 
C2—C1—C3i 118.65 (8) C11—C12—C13 111.61 (8) 
C1—C2—C3 122.87 (8) C11—C12—H12A 110.5 (9) 
C1—C2—S1 124.05 (7) C13—C12—H12A 110.2 (9) 
C3—C2—S1 113.07 (7) C11—C12—H12B 109.0 (9) 
C1
i—C3—C2 118.46 (8) C13—C12—H12B 111.1 (9) 
C1
i—C3—C4 130.08 (8) H12A—C12—H12B 104.2 (12) 
C2—C3—C4 111.45 (8) C14—C13—C12 114.11 (8) 
C5—C4—C9 118.91 (9) C14—C13—H13A 107.3 (8) 
C5—C4—C3 129.72 (9) C12—C13—H13A 109.7 (8) 
C9—C4—C3 111.35 (8) C14—C13—H13B 109.3 (8) 
C6—C5—C4 119.41 (10) C12—C13—H13B 109.0 (8) 
C6—C5—H5 120.1 (9) H13A—C13—H13B 107.2 (11) 
C4—C5—H5 120.5 (8) C13—C14—C15 112.79 (8) 
C5—C6—C7 120.76 (10) C13—C14—H14A 110.8 (9) 
C5—C6—H6 119.8 (10) C15—C14—H14A 108.2 (9) 
C7—C6—H6 119.4 (10) C13—C14—H14B 109.9 (9) 
C8—C7—C6 121.02 (10) C15—C14—H14B 107.8 (9) 
C8—C7—H7 118.6 (9) H14A—C14—H14B 107.2 (12) 
C6—C7—H7 120.3 (9) C16—C15—C14 113.43 (9) 
C7—C8—C9 118.36 (10) C16—C15—H15A 107.3 (8) 
C7—C8—H8 120.6 (9) C14—C15—H15A 110.1 (8) 
C9—C8—H8 120.9 (9) C16—C15—H15B 109.4 (8) 
C8—C9—C4 121.50 (9) C14—C15—H15B 109.4 (8) 
C8—C9—S1 125.24 (8) H15A—C15—H15B 107.0 (11) 
C4—C9—S1 113.25 (7) C15—C16—C17 112.55 (10) 
C2—S1—C9 90.86 (4) C15—C16—H16A 108.0 (10) 
C1—O1—C10 112.04 (7) C17—C16—H16A 110.0 (10) 
O1—C10—C11 107.86 (7) C15—C16—H16B 110.1 (8) 
O1—C10—H10A 108.8 (8) C17—C16—H16B 110.0 (8) 
C11—C10—H10A 111.3 (8) H16A—C16—H16B 105.9 (12) 
O1—C10—H10B 109.2 (8) C16—C17—H17A 110.3 (11) 
C11—C10—H10B 111.2 (8) C16—C17—H17B 111.9 (10) 
H10A—C10—H10B 108.4 (11) H17A—C17—H17B 105.7 (15) 
C10—C11—C12 114.12 (8) C16—C17—H17C 110.6 (9) 
C10—C11—H11A 107.1 (8) H17A—C17—H17C 110.2 (14) 
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C12—C11—H11A 108.5 (8) H17B—C17—H17C 107.9 (13) 
C10—C11—H11B 108.5 (9)   
    
O1—C1—C2—C3 -179.35 (8) C7—C8—C9—S1 -178.15 (8) 
C3
i—C1—C2—C3 1.26 (14) C5—C4—C9—C8 -1.94 (14) 
O1—C1—C2—S1 2.23 (12) C3—C4—C9—C8 179.53 (8) 
C3
i—C1—C2—S1 -177.16 (7) C5—C4—C9—S1 177.17 (7) 
C1—C2—C3—C1i -1.26 (14) C3—C4—C9—S1 -1.36 (10) 
S1—C2—C3—C1i 177.32 (6) C1—C2—S1—C9 179.49 (8) 
C1—C2—C3—C4 179.57 (8) C3—C2—S1—C9 0.93 (7) 
S1—C2—C3—C4 -1.86 (10) C8—C9—S1—C2 179.35 (9) 
C1
i—C3—C4—C5 4.65 (16) C4—C9—S1—C2 0.27 (7) 
C2—C3—C4—C5 -176.30 (9) C2—C1—O1—C10 91.42 (10) 
C1
i—C3—C4—C9 -177.02 (9) C3i—C1—O1—C10 -89.20 (10) 
C2—C3—C4—C9 2.03 (11) C1—O1—C10—C11 179.48 (8) 
C9—C4—C5—C6 1.43 (14) O1—C10—C11—C12 66.50 (11) 
C3—C4—C5—C6 179.65 (9) C10—C11—C12—C13 176.44 (8) 
C4—C5—C6—C7 0.12 (16) C11—C12—C13—C14 178.49 (9) 
C5—C6—C7—C8 -1.24 (17) C12—C13—C14—C15 -178.14 (8) 
C6—C7—C8—C9 0.74 (16) C13—C14—C15—C16 -171.21 (9) 
C7—C8—C9—C4 0.86 (15) C14—C15—C16—C17 -179.88 (9) 
 
Symmetry code:  (i) -x+1, -y+1, -z+1. 
Document origin: publCIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925]. 
Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2014/7 (Sheldrick, 2014); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL. 
Special details 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
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Table 4: Experimental details of compound 196. 
 
Crystal data 
Chemical formula C34H42O2S2 
Mr 546.79 
Crystal system, space group Triclinic, P¯1 
Temperature (K) 150 
a, b, c (Å) 7.6682 (7), 9.3072 (8), 11.1636 (9) 
, ,  (°) 102.6670 (12), 94.2286 (13), 105.6268 (13) 
V (Å
3
) 741.10 (11) 
Z 1 
Radiation type Mo K 
 (mm-1) 0.21 
Crystal size (mm
3
) 0.95 × 0.28 × 0.06 
 
Data collection 
Diffractometer Bruker APEX 2 CCD area detector  
diffractometer 
Absorption correction Multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
Tmin, Tmax 0.826, 0.988 
No. of measured, independent and 
observed [I > 2(I)] reflections 
11865, 4498, 3995   
Rint 0.016 
(sin /)max (Å
-1
) 0.716 
 
Refinement 
R[F
2
 > 2(F2)], wR(F2), S 0.034,  0.094,  1.08 
No. of reflections 4498 
No. of parameters 254 
H-atom treatment Only H-atom coordinates refined 
max, min (e Å
-3
) 0.49, -0.19 
Computer programs: Bruker APEX 2, Bruker SAINT, SHELXS97 (Sheldrick, 2008), SHELXL2014/7 
(Sheldrick, 2014), Bruker SHELXTL. 
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9.1.4. X-ray crystal structure data of compound 197 
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Table 1: Crystal data, data collection and refinement for compound 
197. 
 
C36H46O2S2 Z = 1 
Mr = 574.85 F(000) = 310 
Triclinic, P¯1 Dx = 1.244 Mg m
-3
 
a = 7.6294 (10) Å Mo K radiation,  = 0.71073 Å 
b = 9.3554 (13) Å Cell parameters from 6138 reflections 
c = 11.4058 (16) Å  = 2.3–30.5° 
 = 102.874 (2)°  = 0.21 mm-1 
 = 93.500 (2)° T = 150 K 
 = 103.220 (2)° Block, yellow 
V = 767.21 (18)  Å
3
 0.76 × 0.28 × 0.23 mm
3 
 
Data collection 
Bruker APEX 2 CCD diffractometer 4087 reflections with I > 2(I) 
Radiation source: fine-focus sealed tube Rint = 0.020 
 rotation with narrow frames scans max = 30.6°, min = 1.8° 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
h = -1010 
Tmin = 0.860, Tmax = 0.954 k = -1313 
12262 measured reflections l = -1616 
4659 independent reflections  
 
Refinement 
Refinement on F
2
 Primary atom site location: structure-invariant 
direct methods 
Least-squares matrix: full Hydrogen site location: difference Fourier map 
R[F
2
 > 2(F2)] = 0.034 All H-atom parameters refined 
wR(F
2
) = 0.097 w = 1/[2(Fo
2
) + (0.0581P)
2
 + 0.1152P]   
where P = (Fo
2
 + 2Fc
2
)/3 
S = 1.05 (/)max = 0.001 
4659 reflections max = 0.49 e Å
-3
 
273 parameters min = -0.19 e Å
-3
 
0 restraints  
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Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 
 x y z Uiso*/Ueq 
C1 0.09171 (12) 0.64664 (10) 0.06994 (8) 0.01558 (17) 
C2 0.01057 (12) 0.53276 (10) 0.12368 (8) 0.01572 (17) 
C3 -0.08257 (12) 0.38550 (10) 0.05645 (8) 0.01554 (17) 
C4 -0.15547 (13) 0.28946 (10) 0.13544 (8) 0.01737 (18) 
C5 -0.26156 (14) 0.13953 (11) 0.10616 (9) 0.02106 (19) 
H5 -0.2997 (18) 0.0843 (15) 0.0240 (12) 0.025 (3)* 
C6 -0.31705 (15) 0.07083 (12) 0.19827 (10) 0.0258 (2) 
H6 -0.3898 (19) -0.0310 (17) 0.1793 (13) 0.034 (4)* 
C7 -0.26851 (16) 0.14932 (13) 0.31976 (10) 0.0270 (2) 
H7 -0.306 (2) 0.1010 (17) 0.3847 (14) 0.036 (4)* 
C8 -0.16647 (15) 0.29797 (12) 0.35112 (9) 0.0239 (2) 
H8 -0.1343 (18) 0.3531 (16) 0.4311 (13) 0.027 (3)* 
C9 -0.11128 (13) 0.36774 (11) 0.25867 (9) 0.01915 (18) 
S1 0.01328 (3) 0.55508 (3) 0.28001 (2) 0.01895 (8) 
O1 0.17803 (9) 0.78767 (7) 0.14205 (6) 0.01816 (14) 
C10 0.05635 (13) 0.88763 (11) 0.15948 (9) 0.01993 (19) 
H10A 0.0112 (17) 0.8985 (14) 0.0766 (12) 0.021 (3)* 
H10B -0.0486 (18) 0.8403 (15) 0.1978 (12) 0.023 (3)* 
C11 0.16062 (14) 1.03967 (11) 0.23705 (9) 0.02011 (19) 
H11A 0.270 (2) 1.0721 (16) 0.1974 (13) 0.031 (4)* 
H11B 0.0822 (19) 1.1110 (16) 0.2330 (13) 0.031 (4)* 
C12 0.21165 (15) 1.04395 (11) 0.36964 (9) 0.0228 (2) 
H12A 0.288 (2) 0.9724 (17) 0.3746 (13) 0.035 (4)* 
H12B 0.102 (2) 1.0026 (17) 0.4029 (13) 0.036 (4)* 
C13 0.30249 (15) 1.20573 (11) 0.44014 (9) 0.02172 (19) 
H13A 0.413 (2) 1.2446 (17) 0.4025 (13) 0.033 (4)* 
H13B 0.2175 (19) 1.2698 (16) 0.4298 (13) 0.030 (4)* 
C14 0.35882 (15) 1.23015 (12) 0.57482 (9) 0.0229 (2) 
H14A 0.440 (2) 1.1679 (17) 0.5896 (13) 0.035 (4)* 
H14B 0.251 (2) 1.1976 (17) 0.6149 (14) 0.036 (4)* 
C15 0.45365 (14) 1.39607 (11) 0.63100 (9) 0.02083 (19) 
H15A 0.3782 (17) 1.4597 (14) 0.6045 (11) 0.020 (3)* 
H15B 0.5687 (19) 1.4215 (16) 0.5956 (13) 0.029 (3)* 
C16 0.49222 (14) 1.44050 (11) 0.76853 (9) 0.02054 (19) 
H16A 0.5664 (17) 1.3773 (14) 0.7958 (11) 0.020 (3)* 
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H16B 0.3782 (19) 1.4194 (15) 0.8005 (12) 0.026 (3)* 
C17 0.58754 (14) 1.60812 (11) 0.81420 (9) 0.02076 (19) 
H17A 0.5135 (18) 1.6717 (15) 0.7791 (12) 0.026 (3)* 
H17B 0.7064 (19) 1.6247 (15) 0.7811 (12) 0.027 (3)* 
C18 0.61745 (16) 1.66545 (13) 0.95152 (9) 0.0252 (2) 
H18A 0.6807 (19) 1.7718 (17) 0.9735 (13) 0.031 (4)* 
H18B 0.691 (2) 1.6082 (17) 0.9884 (13) 0.034 (4)* 
H18C 0.502 (2) 1.6555 (17) 0.9873 (14) 0.037 (4)* 
 
Table 3: Geometric parameters (Å, º) for compound 197. 
 
C1—O1 1.3798 (10) C11—H11A 0.993 (15) 
C1—C2 1.3892 (13) C11—H11B 0.999 (14) 
C1—C3i 1.3994 (12) C12—C13 1.5256 (13) 
C2—C3 1.4163 (12) C12—H12A 0.989 (15) 
C2—S1 1.7467 (9) C12—H12B 0.977 (16) 
C3—C1i 1.3994 (12) C13—C14 1.5214 (14) 
C3—C4 1.4565 (13) C13—H13A 1.003 (15) 
C4—C5 1.4047 (13) C13—H13B 0.997 (14) 
C4—C9 1.4128 (13) C14—C15 1.5264 (14) 
C5—C6 1.3880 (15) C14—H14A 0.975 (15) 
C5—H5 0.955 (13) C14—H14B 0.988 (16) 
C6—C7 1.3986 (16) C15—C16 1.5223 (13) 
C6—H6 0.956 (15) C15—H15A 0.996 (13) 
C7—C8 1.3846 (16) C15—H15B 0.990 (14) 
C7—H7 0.976 (15) C16—C17 1.5256 (14) 
C8—C9 1.3966 (14) C16—H16A 0.989 (13) 
C8—H8 0.929 (14) C16—H16B 0.960 (14) 
C9—S1 1.7475 (10) C17—C18 1.5228 (14) 
O1—C10 1.4535 (12) C17—H17A 1.032 (13) 
C10—C11 1.5082 (13) C17—H17B 0.996 (14) 
C10—H10A 1.021 (13) C18—H18A 0.969 (15) 
C10—H10B 0.997 (14) C18—H18B 0.993 (15) 
C11—C12 1.5278 (14) C18—H18C 0.990 (16) 
    
O1—C1—C2 119.38 (8) C13—C12—H12A 113.1 (9) 
O1—C1—C3i 121.95 (8) C11—C12—H12A 109.7 (9) 
C2—C1—C3i 118.67 (8) C13—C12—H12B 111.4 (9) 
C1—C2—C3 123.06 (8) C11—C12—H12B 108.3 (9) 
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C1—C2—S1 123.91 (7) H12A—C12—H12B 103.9 (12) 
C3—C2—S1 113.03 (7) C14—C13—C12 116.86 (9) 
C1
i—C3—C2 118.27 (8) C14—C13—H13A 107.7 (8) 
C1
i—C3—C4 130.20 (8) C12—C13—H13A 109.0 (8) 
C2—C3—C4 111.53 (8) C14—C13—H13B 108.6 (8) 
C5—C4—C9 118.78 (9) C12—C13—H13B 107.7 (8) 
C5—C4—C3 129.92 (9) H13A—C13—H13B 106.6 (12) 
C9—C4—C3 111.28 (8) C13—C14—C15 110.44 (8) 
C6—C5—C4 119.58 (10) C13—C14—H14A 111.6 (9) 
C6—C5—H5 118.9 (8) C15—C14—H14A 108.7 (9) 
C4—C5—H5 121.5 (8) C13—C14—H14B 109.3 (9) 
C5—C6—C7 120.70 (10) C15—C14—H14B 110.8 (9) 
C5—C6—H6 120.2 (9) H14A—C14—H14B 105.8 (13) 
C7—C6—H6 119.1 (9) C16—C15—C14 115.69 (8) 
C8—C7—C6 120.91 (10) C16—C15—H15A 109.3 (7) 
C8—C7—H7 118.2 (9) C14—C15—H15A 108.2 (7) 
C6—C7—H7 120.9 (9) C16—C15—H15B 109.3 (8) 
C7—C8—C9 118.54 (10) C14—C15—H15B 108.7 (8) 
C7—C8—H8 122.5 (9) H15A—C15—H15B 105.2 (11) 
C9—C8—H8 118.9 (9) C15—C16—C17 111.02 (8) 
C8—C9—C4 121.46 (9) C15—C16—H16A 109.9 (7) 
C8—C9—S1 125.23 (8) C17—C16—H16A 110.5 (7) 
C4—C9—S1 113.30 (7) C15—C16—H16B 107.6 (8) 
C2—S1—C9 90.85 (4) C17—C16—H16B 110.0 (8) 
C1—O1—C10 111.47 (7) H16A—C16—H16B 107.7 (11) 
O1—C10—C11 108.42 (8) C18—C17—C16 114.56 (9) 
O1—C10—H10A 108.3 (7) C18—C17—H17A 108.5 (7) 
C11—C10—H10A 110.0 (7) C16—C17—H17A 109.4 (8) 
O1—C10—H10B 108.4 (8) C18—C17—H17B 109.7 (8) 
C11—C10—H10B 112.2 (8) C16—C17—H17B 107.5 (8) 
H10A—C10—H10B 109.4 (10) H17A—C17—H17B 106.9 (11) 
C10—C11—C12 115.42 (9) C17—C18—H18A 109.7 (9) 
C10—C11—H11A 106.7 (8) C17—C18—H18B 110.8 (9) 
C12—C11—H11A 111.1 (8) H18A—C18—H18B 108.8 (12) 
C10—C11—H11B 106.3 (8) C17—C18—H18C 112.0 (9) 
C12—C11—H11B 109.1 (8) H18A—C18—H18C 107.5 (12) 
H11A—C11—H11B 108.0 (12) H18B—C18—H18C 107.9 (13) 
C13—C12—C11 110.20 (8)   
    
O1—C1—C2—C3 179.23 (8) C5—C4—C9—C8 1.78 (14) 
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C3
i—C1—C2—C3 -0.53 (15) C3—C4—C9—C8 -179.78 (9) 
O1—C1—C2—S1 -1.10 (13) C5—C4—C9—S1 -177.56 (7) 
C3
i—C1—C2—S1 179.13 (7) C3—C4—C9—S1 0.87 (10) 
C1—C2—C3—C1i 0.53 (15) C1—C2—S1—C9 -179.94 (9) 
S1—C2—C3—C1i -179.17 (7) C3—C2—S1—C9 -0.25 (7) 
C1—C2—C3—C4 -179.52 (8) C8—C9—S1—C2 -179.68 (9) 
S1—C2—C3—C4 0.79 (10) C4—C9—S1—C2 -0.37 (8) 
C1
i—C3—C4—C5 -2.89 (17) C2—C1—O1—C10 -92.42 (10) 
C2—C3—C4—C5 177.16 (9) C3i—C1—O1—C10 87.33 (10) 
C1
i—C3—C4—C9 178.90 (9) C1—O1—C10—C11 -179.05 (8) 
C2—C3—C4—C9 -1.05 (11) O1—C10—C11—C12 -70.50 (11) 
C9—C4—C5—C6 -1.37 (14) C10—C11—C12—C13 -175.41 (9) 
C3—C4—C5—C6 -179.47 (10) C11—C12—C13—C14 178.90 (9) 
C4—C5—C6—C7 0.02 (16) C12—C13—C14—C15 177.85 (9) 
C5—C6—C7—C8 1.01 (17) C13—C14—C15—C16 171.35 (9) 
C6—C7—C8—C9 -0.62 (16) C14—C15—C16—C17 179.79 (9) 
C7—C8—C9—C4 -0.78 (15) C15—C16—C17—C18 175.19 (9) 
C7—C8—C9—S1 178.48 (8)   
 
Symmetry code:  (i) -x, -y+1, -z. 
Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2013 (Sheldrick, 2013); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL.  
Special details 
 Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
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9.1.5. X-ray crystal structure data of compound 198 
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Table 1: Crystal data, data collection and refinement for compound 
198. 
C38H50O2S2 Z = 1 
Mr = 602.90 F(000) = 326 
Triclinic, P¯1 Dx = 1.224 Mg m
-3
 
a = 4.4079 (2) Å Synchrotron radiation,  = 0.7749 Å 
b = 11.1690 (4) Å Cell parameters from 9838 reflections 
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c = 17.0294 (7) Å  = 3.2–40.3° 
 = 94.284 (2)°  = 0.24 mm-1 
 = 97.301 (2)° T = 100 K 
 = 98.842 (2)° Needle, colourless 
V = 817.90 (6) Å
3
 0.20 × 0.07 × 0.06 mm
3
 
 
Data collection 
Bruker D8 with PHOTON 100 detector  
diffractometer 
7930 independent reflections 
Radiation source: Advanced Light Source 
station 11.3.1 
6543 reflections with I > 2(I) 
Silicon 111 monochromator Rint = 0.059 
Detector resolution: 10.42 pixels mm
-1
 max = 40.3°, min = 2.3° 
/ shutterless scans h = -77 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
k = -1818 
Tmin = 0.953, Tmax = 0.986 l = -2828 
29254 measured reflections  
 
Refinement 
Refinement on F
2
 Primary atom site location: iterative 
Least-squares matrix: full Hydrogen site location: inferred from 
neighbouring sites 
R[F
2
 > 2(F2)] = 0.050 H-atom parameters constrained 
wR(F
2
) = 0.145 w = 1/[2(Fo
2
) + (0.0879P)
2
 + 0.0577P]   
where P = (Fo
2
 + 2Fc
2
)/3 
S = 1.06 (/)max = 0.001 
7930 reflections max = 0.72 e Å
-3
 
191 parameters min = -0.36 e Å
-3
 
0 restraints  
 
Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 
 x y z Uiso*/Ueq 
O1 -0.23999 (15) 0.44820 (6) 0.64034 (4) 0.01634 (12) 
C1 -0.11859 (19) 0.47591 (7) 0.57180 (5) 0.01461 (13) 
C2 0.00520 (19) 0.38895 (7) 0.52903 (5) 0.01472 (14) 
C3 0.12571 (19) 0.41085 (7) 0.45736 (5) 0.01457 (13) 
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C4 0.23781 (19) 0.30500 (8) 0.42418 (5) 0.01519 (14) 
C5 0.3784 (2) 0.28976 (8) 0.35579 (5) 0.01810 (15) 
H5 0.4140 0.3551 0.3236 0.022* 
C6 0.4655 (2) 0.17875 (9) 0.33516 (6) 0.02118 (17) 
H6 0.5631 0.1687 0.2890 0.025* 
C7 0.4115 (2) 0.08125 (9) 0.38156 (6) 0.02183 (17) 
H7 0.4685 0.0053 0.3660 0.026* 
C8 0.2757 (2) 0.09471 (8) 0.44990 (6) 0.01983 (16) 
H8 0.2407 0.0290 0.4817 0.024* 
C9 0.1911 (2) 0.20690 (8) 0.47107 (5) 0.01647 (14) 
S1 0.02281 (5) 0.24180 (2) 0.55550 (2) 0.01709 (7) 
C10 -0.0076 (2) 0.46296 (8) 0.70984 (5) 0.01764 (15) 
H10A 0.0766 0.5503 0.7243 0.021* 
H10B 0.1653 0.4201 0.6989 0.021* 
C11 -0.1600 (2) 0.40999 (8) 0.77705 (5) 0.01788 (15) 
H11A -0.3298 0.4549 0.7876 0.021* 
H11B -0.0058 0.4220 0.8257 0.021* 
C12 -0.2918 (2) 0.27438 (8) 0.75963 (5) 0.01844 (15) 
H12A -0.4499 0.2624 0.7117 0.022* 
H12B -0.1232 0.2296 0.7479 0.022* 
C13 -0.4386 (2) 0.22105 (8) 0.82857 (5) 0.01878 (15) 
H13A -0.2797 0.2315 0.8763 0.023* 
H13B -0.6050 0.2666 0.8410 0.023* 
C14 -0.5746 (2) 0.08619 (8) 0.81012 (5) 0.01931 (16) 
H14A -0.7335 0.0763 0.7624 0.023* 
H14B -0.4079 0.0412 0.7971 0.023* 
C15 -0.7214 (2) 0.02939 (8) 0.87772 (5) 0.01956 (16) 
H15A -0.8903 0.0733 0.8906 0.023* 
H15B -0.5636 0.0389 0.9256 0.023* 
C16 -0.8524 (2) -0.10566 (8) 0.85675 (5) 0.01945 (16) 
H16A -1.0067 -0.1145 0.8082 0.023* 
H16B -0.6819 -0.1488 0.8441 0.023* 
C17 -1.0056 (2) -0.16730 (8) 0.92182 (6) 0.02110 (17) 
H17A -1.1740 -0.1238 0.9356 0.025* 
H17B -0.8507 -0.1617 0.9700 0.025* 
C18 -1.1392 (3) -0.30089 (9) 0.89640 (6) 0.02407 (18) 
H18A -1.3007 -0.3058 0.8497 0.029* 
H18B -0.9724 -0.3429 0.8798 0.029* 
C19 -1.2801 (3) -0.36709 (11) 0.96142 (7) 0.0332 (2) 
H19A -1.1203 -0.3648 1.0074 0.050* 
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H19B -1.3619 -0.4519 0.9413 0.050* 
H19C -1.4486 -0.3272 0.9775 0.050* 
 
Table 3:Geometric parameters (Å, º) for compound 198. 
 
O1—C1 1.3806 (10) C12—C13 1.5267 (13) 
O1—C10 1.4450 (11) C12—H12A 0.9900 
C1—C2 1.3892 (12) C12—H12B 0.9900 
C1—C3i 1.3962 (12) C13—C14 1.5266 (13) 
C2—C3 1.4147 (11) C13—H13A 0.9900 
C2—S1 1.7469 (8) C13—H13B 0.9900 
C3—C4 1.4532 (12) C14—C15 1.5227 (13) 
C4—C5 1.3985 (12) C14—H14A 0.9900 
C4—C9 1.4084 (12) C14—H14B 0.9900 
C5—C6 1.3870 (13) C15—C16 1.5282 (13) 
C5—H5 0.9500 C15—H15A 0.9900 
C6—C7 1.4013 (14) C15—H15B 0.9900 
C6—H6 0.9500 C16—C17 1.5229 (13) 
C7—C8 1.3834 (14) C16—H16A 0.9900 
C7—H7 0.9500 C16—H16B 0.9900 
C8—C9 1.3961 (13) C17—C18 1.5262 (13) 
C8—H8 0.9500 C17—H17A 0.9900 
C9—S1 1.7453 (9) C17—H17B 0.9900 
C10—C11 1.5119 (12) C18—C19 1.5212 (15) 
C10—H10A 0.9900 C18—H18A 0.9900 
C10—H10B 0.9900 C18—H18B 0.9900 
C11—C12 1.5290 (12) C19—H19A 0.9800 
C11—H11A 0.9900 C19—H19B 0.9800 
C11—H11B 0.9900 C19—H19C 0.9800 
    
C1—O1—C10 113.20 (7) C11—C12—H12B 109.0 
O1—C1—C2 119.97 (7) H12A—C12—H12B 107.8 
O1—C1—C3i 121.34 (8) C14—C13—C12 112.54 (7) 
C2—C1—C3i 118.66 (7) C14—C13—H13A 109.1 
C1—C2—C3 122.59 (8) C12—C13—H13A 109.1 
C1—C2—S1 124.63 (6) C14—C13—H13B 109.1 
C3—C2—S1 112.77 (6) C12—C13—H13B 109.1 
C1
i—C3—C2 118.74 (8) H13A—C13—H13B 107.8 
C1
i—C3—C4 129.61 (8) C15—C14—C13 114.12 (7) 
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C2—C3—C4 111.64 (7) C15—C14—H14A 108.7 
C5—C4—C9 118.86 (8) C13—C14—H14A 108.7 
C5—C4—C3 129.72 (8) C15—C14—H14B 108.7 
C9—C4—C3 111.43 (7) C13—C14—H14B 108.7 
C6—C5—C4 119.62 (8) H14A—C14—H14B 107.6 
C6—C5—H5 120.2 C14—C15—C16 112.25 (7) 
C4—C5—H5 120.2 C14—C15—H15A 109.2 
C5—C6—C7 120.80 (9) C16—C15—H15A 109.2 
C5—C6—H6 119.6 C14—C15—H15B 109.2 
C7—C6—H6 119.6 C16—C15—H15B 109.2 
C8—C7—C6 120.54 (9) H15A—C15—H15B 107.9 
C8—C7—H7 119.7 C17—C16—C15 114.69 (8) 
C6—C7—H7 119.7 C17—C16—H16A 108.6 
C7—C8—C9 118.59 (9) C15—C16—H16A 108.6 
C7—C8—H8 120.7 C17—C16—H16B 108.6 
C9—C8—H8 120.7 C15—C16—H16B 108.6 
C8—C9—C4 121.57 (8) H16A—C16—H16B 107.6 
C8—C9—S1 125.22 (7) C16—C17—C18 112.12 (8) 
C4—C9—S1 113.20 (6) C16—C17—H17A 109.2 
C9—S1—C2 90.95 (4) C18—C17—H17A 109.2 
O1—C10—C11 107.84 (7) C16—C17—H17B 109.2 
O1—C10—H10A 110.1 C18—C17—H17B 109.2 
C11—C10—H10A 110.1 H17A—C17—H17B 107.9 
O1—C10—H10B 110.1 C19—C18—C17 113.58 (9) 
C11—C10—H10B 110.1 C19—C18—H18A 108.9 
H10A—C10—H10B 108.5 C17—C18—H18A 108.9 
C10—C11—C12 113.27 (7) C19—C18—H18B 108.9 
C10—C11—H11A 108.9 C17—C18—H18B 108.9 
C12—C11—H11A 108.9 H18A—C18—H18B 107.7 
C10—C11—H11B 108.9 C18—C19—H19A 109.5 
C12—C11—H11B 108.9 C18—C19—H19B 109.5 
H11A—C11—H11B 107.7 H19A—C19—H19B 109.5 
C13—C12—C11 112.89 (7) C18—C19—H19C 109.5 
C13—C12—H12A 109.0 H19A—C19—H19C 109.5 
C11—C12—H12A 109.0 H19B—C19—H19C 109.5 
C13—C12—H12B 109.0   
    
C10—O1—C1—C2 83.59 (10) C7—C8—C9—C4 0.73 (14) 
C10—O1—C1—C3i -98.45 (9) C7—C8—C9—S1 -179.05 (7) 
O1—C1—C2—C3 178.36 (7) C5—C4—C9—C8 -1.39 (13) 
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C3
i—C1—C2—C3 0.34 (14) C3—C4—C9—C8 178.79 (8) 
O1—C1—C2—S1 -0.23 (12) C5—C4—C9—S1 178.41 (6) 
C3
i—C1—C2—S1 -178.25 (6) C3—C4—C9—S1 -1.41 (9) 
C1—C2—C3—C1i -0.34 (14) C8—C9—S1—C2 -179.33 (8) 
S1—C2—C3—C1i 178.40 (6) C4—C9—S1—C2 0.87 (7) 
C1—C2—C3—C4 -179.42 (7) C1—C2—S1—C9 178.62 (8) 
S1—C2—C3—C4 -0.68 (9) C3—C2—S1—C9 -0.09 (7) 
C1
i—C3—C4—C5 2.57 (15) C1—O1—C10—C11 -170.54 (7) 
C2—C3—C4—C5 -178.47 (8) O1—C10—C11—C12 60.67 (10) 
C1
i—C3—C4—C9 -177.64 (8) C10—C11—C12—C13 178.67 (8) 
C2—C3—C4—C9 1.32 (10) C11—C12—C13—C14 178.99 (8) 
C9—C4—C5—C6 0.67 (13) C12—C13—C14—C15 179.60 (8) 
C3—C4—C5—C6 -179.55 (9) C13—C14—C15—C16 -179.64 (8) 
C4—C5—C6—C7 0.67 (14) C14—C15—C16—C17 -179.38 (8) 
C5—C6—C7—C8 -1.36 (15) C15—C16—C17—C18 178.43 (8) 
C6—C7—C8—C9 0.64 (14) C16—C17—C18—C19 177.13 (9) 
 
Symmetry code:  (i) -x, -y+1, -z+1. 
Document origin: publCIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925]. 
Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2014/7 (Sheldrick, 2014); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL. 
Special details 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
Table 4: Experimental details 
 
Crystal data 
Chemical formula C38H50O2S2 
Mr 602.90 
Crystal system, space group Triclinic, P¯1 
Temperature (K) 100 
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a, b, c (Å) 4.4079 (2), 11.1690 (4), 17.0294 (7) 
, ,  (°) 94.284 (2), 97.301 (2), 98.842 (2) 
V (Å
3
) 817.90 (6) 
Z 1 
Radiation type Synchrotron,  = 0.7749 Å 
 (mm-1) 0.24 
Crystal size (mm
3
) 0.20 × 0.07 × 0.06 
 
Data collection 
Diffractometer Bruker D8 with PHOTON 100 detector  
diffractometer 
Absorption correction Multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
Tmin, Tmax 0.953, 0.986 
No. of measured, independent and 
observed [I > 2(I)] reflections 
29254, 7930, 6543 
Rint 0.059 
(sin /)max (Å
-1
) 0.835 
 
Refinement 
R[F
2
 > 2(F2)], wR(F2), S 0.050,  0.145,  1.06 
No. of reflections 7930 
No. of parameters 191 
H-atom treatment H-atom parameters constrained 
max, min (e Å
-3
) 0.72, -0.36 
 
Computer programs: Bruker APEX 2, Bruker SAINT, SHELXS97 (Sheldrick, 2008), SHELXL2014/7 
(Sheldrick, 2014), Bruker SHELXTL. 
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9.1.6. X-ray structure of the compound 200 
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Table 1: Crystal data, data collection and refinement for compound 
200 
C32H38S4 Z = 1 
Mr = 550.86 F(000) = 294 
Triclinic, P¯1 Dx = 1.281 Mg m
-3
 
a = 4.9163 (4) Å Mo K radiation,  = 0.71073 Å 
b = 9.6744 (7) Å Cell parameters from 5928 reflections 
c = 15.8142 (12) Å  = 2.2–30.6° 
 = 104.8989 (11)°  = 0.35 mm-1 
 = 97.8199 (12)° T = 150 K 
 = 95.0448 (12)° Lath, yellow 
V = 714.15 (9) Å
3
 1.13 × 0.17 × 0.05 mm
3
 
 
Data collection 
Bruker APEX 2 CCD area detector  
diffractometer 
4315 independent reflections 
Radiation source: fine-focus sealed tube 3816 reflections with I > 2(I) 
Graphite monochromator Rint = 0.020 
 rotation with narrow frames scans max = 30.6°, min = 2.2° 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
h = -77 
Tmin = 0.691, Tmax = 0.983 k = -1313 
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11394 measured reflections l = -2222 
 
Refinement 
Refinement on F
2
 Primary atom site location: dual 
Least-squares matrix: full Hydrogen site location: difference Fourier map 
R[F
2
 > 2(F2)] = 0.031 All H-atom parameters refined 
wR(F
2
) = 0.084 w = 1/[2(Fo
2
) + (0.0484P)
2
 + 0.1336P]   
where P = (Fo
2
 + 2Fc
2
)/3 
S = 1.05 (/)max = 0.001 
4315 reflections max = 0.47 e Å
-3
 
239 parameters min = -0.20 e Å
-3
 
0 restraints  
 
Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 
 x y z Uiso*/Ueq 
C1 0.6448 (2) 0.40834 (10) 0.44032 (6) 0.01448 (18) 
C2 0.4885 (2) 0.35714 (10) 0.49625 (6) 0.01468 (18) 
C3 0.34059 (19) 0.44427 (10) 0.55600 (6) 0.01457 (18) 
C4 0.2007 (2) 0.35953 (11) 0.60568 (7) 0.01569 (18) 
C5 0.0338 (2) 0.40058 (12) 0.67091 (7) 0.0196 (2) 
H5 -0.006 (3) 0.4965 (16) 0.6887 (9) 0.022 (3)* 
C6 -0.0769 (2) 0.29986 (13) 0.70933 (7) 0.0232 (2) 
H6 -0.189 (3) 0.3337 (17) 0.7535 (10) 0.030 (4)* 
C7 -0.0259 (2) 0.15593 (12) 0.68349 (8) 0.0236 (2) 
H7 -0.107 (3) 0.0870 (16) 0.7091 (10) 0.030 (4)* 
C8 0.1355 (2) 0.11124 (12) 0.61911 (7) 0.0210 (2) 
H8 0.163 (3) 0.0205 (16) 0.6004 (9) 0.022 (3)* 
C9 0.2478 (2) 0.21382 (11) 0.58054 (7) 0.01665 (19) 
S1 0.45780 (5) 0.17768 (3) 0.49923 (2) 0.01733 (7) 
S2 0.81709 (5) 0.28244 (3) 0.37071 (2) 0.01748 (7) 
C10 0.5276 (2) 0.19323 (12) 0.28268 (7) 0.0217 (2) 
H10A 0.379 (3) 0.1574 (16) 0.3093 (9) 0.028 (4)* 
H10B 0.601 (3) 0.1101 (16) 0.2484 (9) 0.025 (4)* 
C11 0.4278 (2) 0.28730 (12) 0.22433 (7) 0.0220 (2) 
H11A 0.370 (3) 0.3779 (17) 0.2619 (10) 0.030 (4)* 
H11B 0.578 (3) 0.3212 (17) 0.1967 (10) 0.034 (4)* 
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C12 0.1865 (3) 0.20811 (13) 0.15142 (8) 0.0256 (2) 
H12A 0.040 (3) 0.1668 (17) 0.1770 (10) 0.033 (4)* 
H12B 0.248 (3) 0.1222 (17) 0.1139 (10) 0.031 (4)* 
C13 0.0767 (3) 0.30269 (14) 0.09418 (8) 0.0261 (2) 
H13A 0.009 (3) 0.3870 (17) 0.1305 (10) 0.034 (4)* 
H13B 0.224 (3) 0.3412 (16) 0.0694 (10) 0.027 (4)* 
C14 -0.1554 (3) 0.22285 (14) 0.01831 (8) 0.0283 (2) 
H14A -0.308 (3) 0.1796 (17) 0.0412 (10) 0.033 (4)* 
H14B -0.084 (3) 0.1419 (17) -0.0188 (10) 0.032 (4)* 
C15 -0.2683 (3) 0.31808 (16) -0.03787 (9) 0.0335 (3) 
H15A -0.333 (4) 0.4015 (19) 0.0000 (11) 0.041 (4)* 
H15B -0.114 (4) 0.3567 (19) -0.0621 (11) 0.044 (5)* 
C16 -0.5009 (3) 0.2386 (2) -0.11300 (10) 0.0448 (4) 
H16A -0.439 (4) 0.160 (2) -0.1507 (13) 0.054 (5)* 
H16B -0.651 (4) 0.195 (2) -0.0898 (12) 0.048 (5)* 
H16C -0.569 (4) 0.305 (2) -0.1422 (13) 0.052 (5)* 
Table 3: Geometric parameters (Å, º) for compound 200 
C1—C2 1.4006 (14) C10—H10A 0.973 (16) 
C1—C3i 1.4072 (13) C10—H10B 0.974 (15) 
C1—S2 1.7772 (10) C11—C12 1.5288 (16) 
C2—C3 1.4202 (14) C11—H11A 1.013 (15) 
C2—S1 1.7428 (10) C11—H11B 0.980 (17) 
C3—C1i 1.4072 (13) C12—C13 1.5257 (17) 
C3—C4 1.4634 (14) C12—H12A 0.975 (17) 
C4—C5 1.4041 (14) C12—H12B 0.986 (16) 
C4—C9 1.4118 (14) C13—C14 1.5278 (16) 
C5—C6 1.3842 (15) C13—H13A 0.983 (16) 
C5—H5 0.944 (15) C13—H13B 0.959 (16) 
C6—C7 1.4019 (17) C14—C15 1.5240 (19) 
C6—H6 0.960 (16) C14—H14A 0.984 (16) 
C7—C8 1.3810 (17) C14—H14B 0.973 (16) 
C7—H7 0.951 (16) C15—C16 1.522 (2) 
C8—C9 1.4029 (14) C15—H15A 0.980 (17) 
C8—H8 0.879 (15) C15—H15B 0.981 (19) 
C9—S1 1.7421 (11) C16—H16A 0.94 (2) 
S2—C10 1.8263 (11) C16—H16B 0.976 (19) 
C10—C11 1.5191 (16) C16—H16C 0.944 (19) 
    
C2—C1—C3i 118.15 (9) C10—C11—H11A 109.8 (8) 
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C2—C1—S2 117.44 (7) C12—C11—H11A 109.5 (8) 
C3
i—C1—S2 124.39 (8) C10—C11—H11B 111.3 (9) 
C1—C2—C3 124.18 (9) C12—C11—H11B 108.7 (9) 
C1—C2—S1 122.66 (7) H11A—C11—H11B 105.2 (13) 
C3—C2—S1 113.16 (7) C13—C12—C11 112.81 (10) 
C1
i—C3—C2 117.67 (9) C13—C12—H12A 111.8 (9) 
C1
i—C3—C4 131.31 (9) C11—C12—H12A 110.3 (9) 
C2—C3—C4 111.01 (8) C13—C12—H12B 109.8 (9) 
C5—C4—C9 118.05 (9) C11—C12—H12B 108.8 (9) 
C5—C4—C3 130.53 (9) H12A—C12—H12B 102.8 (13) 
C9—C4—C3 111.41 (9) C12—C13—C14 113.36 (10) 
C6—C5—C4 120.13 (10) C12—C13—H13A 110.6 (9) 
C6—C5—H5 119.2 (9) C14—C13—H13A 108.5 (9) 
C4—C5—H5 120.7 (9) C12—C13—H13B 110.2 (9) 
C5—C6—C7 120.71 (11) C14—C13—H13B 108.4 (9) 
C5—C6—H6 116.7 (10) H13A—C13—H13B 105.5 (13) 
C7—C6—H6 122.6 (10) C15—C14—C13 113.32 (11) 
C8—C7—C6 120.85 (10) C15—C14—H14A 109.2 (9) 
C8—C7—H7 119.1 (9) C13—C14—H14A 110.7 (9) 
C6—C7—H7 120.1 (9) C15—C14—H14B 109.8 (9) 
C7—C8—C9 118.21 (10) C13—C14—H14B 108.2 (9) 
C7—C8—H8 121.8 (10) H14A—C14—H14B 105.4 (13) 
C9—C8—H8 119.9 (9) C16—C15—C14 113.22 (13) 
C8—C9—C4 122.05 (10) C16—C15—H15A 109.6 (10) 
C8—C9—S1 124.65 (8) C14—C15—H15A 109.7 (10) 
C4—C9—S1 113.30 (8) C16—C15—H15B 109.9 (10) 
C9—S1—C2 91.11 (5) C14—C15—H15B 107.9 (10) 
C1—S2—C10 99.88 (5) H15A—C15—H15B 106.2 (15) 
C11—C10—S2 113.88 (8) C15—C16—H16A 110.2 (12) 
C11—C10—H10A 111.7 (9) C15—C16—H16B 110.5 (10) 
S2—C10—H10A 108.6 (8) H16A—C16—H16B 104.6 (16) 
C11—C10—H10B 110.8 (8) C15—C16—H16C 108.6 (12) 
S2—C10—H10B 103.6 (8) H16A—C16—H16C 113.5 (17) 
H10A—C10—H10B 107.7 (12) H16B—C16—H16C 109.4 (16) 
C10—C11—C12 112.07 (9)   
    
C3
i—C1—C2—C3 0.72 (16) C7—C8—C9—S1 179.49 (8) 
S2—C1—C2—C3 179.58 (7) C5—C4—C9—C8 -0.51 (15) 
C3
i—C1—C2—S1 -179.07 (7) C3—C4—C9—C8 179.84 (9) 
S2—C1—C2—S1 -0.21 (11) C5—C4—C9—S1 -179.99 (8) 
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C1—C2—C3—C1i -0.71 (15) C3—C4—C9—S1 0.35 (11) 
S1—C2—C3—C1i 179.09 (7) C8—C9—S1—C2 -179.57 (10) 
C1—C2—C3—C4 -179.39 (9) C4—C9—S1—C2 -0.10 (8) 
S1—C2—C3—C4 0.41 (10) C1—C2—S1—C9 179.62 (9) 
C1
i—C3—C4—C5 1.48 (18) C3—C2—S1—C9 -0.19 (7) 
C2—C3—C4—C5 179.92 (10) C2—C1—S2—C10 79.26 (8) 
C1
i—C3—C4—C9 -178.92 (10) C3i—C1—S2—C10 -101.96 (9) 
C2—C3—C4—C9 -0.48 (12) C1—S2—C10—C11 70.42 (9) 
C9—C4—C5—C6 0.66 (15) S2—C10—C11—C12 179.74 (8) 
C3—C4—C5—C6 -179.76 (10) C10—C11—C12—C13 177.95 (10) 
C4—C5—C6—C7 -0.39 (17) C11—C12—C13—C14 177.26 (10) 
C5—C6—C7—C8 -0.07 (18) C12—C13—C14—C15 179.02 (11) 
C6—C7—C8—C9 0.23 (17) C13—C14—C15—C16 -179.57 (12) 
C7—C8—C9—C4 0.07 (16)   
 
Symmetry code:  (i) -x+1, -y+1, -z+1. 
Document origin: publCIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925]. 
Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2014/7 (Sheldrick, 2014); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL. 
 
Special details 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
Table 4: Experimental details 
 
Crystal data 
Chemical formula C32H38S4 
Mr 550.86 
Crystal system, space group Triclinic, P¯1 
Temperature (K) 150 
a, b, c (Å) 4.9163 (4), 9.6744 (7), 15.8142 (12) 
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, ,  (°) 104.8989 (11), 97.8199 (12), 95.0448 (12) 
V (Å
3
) 714.15 (9) 
Z 1 
Radiation type Mo K 
 (mm-1) 0.35 
Crystal size (mm
3
) 1.13 × 0.17 × 0.05 
 
Data collection 
Diffractometer Bruker APEX 2 CCD area detector  
diffractometer 
Absorption correction Multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
Tmin, Tmax 0.691, 0.983 
No. of measured, independent and 
observed [I > 2(I)] reflections 
11394, 4315, 3816   
Rint 0.020 
(sin /)max (Å
-1
) 0.715 
 
Refinement 
R[F
2
 > 2(F2)], wR(F2), S 0.031,  0.084,  1.05 
No. of reflections 4315 
No. of parameters 239 
H-atom treatment All H-atom parameters refined 
max, min (e Å
-3
) 0.47, -0.20 
Computer programs: Bruker APEX 2, Bruker SAINT, SHELXS97 (Sheldrick, 2008), SHELXL2014/7 
(Sheldrick, 2014), Bruker SHELXTL. 
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9.1.7. X-ray crystal structure data of the compound 201 
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Table 1: Crystal data, data collection and refinement for the 
compound 202. 
 
C36H46S4 F(000) = 652 
Mr = 606.97 Dx = 1.255 Mg m
-3
 
Monoclinic, P21/c Mo K radiation,  = 0.71073 Å 
a = 17.741 (11) Å Cell parameters from 1089 reflections 
b = 5.558 (3) Å  = 2.5–22.3° 
c = 18.457 (11) Å  = 0.32 mm-1 
 = 118.057 (10)° T = 150 K 
V = 1606.1 (16)  Å
3
 Plate, yellow 
Z = 2 0.44 × 0.22 × 0.02 mm 
 
Data collection 
Bruker APEX 2 CCD diffractometer 1992 reflections with I > 2(I) 
Radiation source: fine-focus sealed tube Rint = 0.107 
 rotation with narrow frames scans max = 26.4°, min = 2.2° 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
h = -2222 
Tmin = 0.872, Tmax = 0.994 k = -66 
12037 measured reflections l = -2223 
3254 independent reflections  
 
Refinement 
Refinement on F
2
 Secondary atom site location: difference Fourier 
map 
Least-squares matrix: full Hydrogen site location: difference Fourier map 
R[F
2
 > 2(F2)] = 0.058 All H-atom parameters refined 
wR(F
2
) = 0.145 w = 1/[2(Fo
2
) + (0.0487P)
2
]   
where P = (Fo
2
 + 2Fc
2
)/3 
S = 1.03 (/)max < 0.001 
3254 reflections max = 0.32 e Å
-3
 
274 parameters min = -0.41 e Å
-3
 
0 restraints Extinction correction: SHELXL, 
Fc
*
=kFc[1+0.001xFc
23/sin(2)]-1/4 
Primary atom site location: structure-invariant 
direct methods 
Extinction coefficient: 0.0078 (17) 
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Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 x y z Uiso*/Ueq 
C1 0.0880 (2) 1.0438 (6) 0.0219 (2) 0.0254 (8) 
C2 0.0442 (2) 1.1795 (6) 0.05417 (19) 0.0251 (8) 
C3 -0.0426 (2) 1.1402 (6) 0.03465 (19) 0.0241 (8) 
C4 -0.0694 (2) 1.3107 (6) 0.07937 (19) 0.0257 (8) 
C5 -0.1472 (2) 1.3305 (7) 0.0822 (2) 0.0304 (9) 
H5 -0.194 (2) 1.222 (6) 0.049 (2) 0.034 (10)* 
C6 -0.1579 (3) 1.5117 (7) 0.1288 (2) 0.0333 (9) 
H6 -0.210 (2) 1.526 (6) 0.130 (2) 0.024 (9)* 
C7 -0.0922 (3) 1.6746 (7) 0.1732 (2) 0.0351 (9) 
H7 -0.103 (2) 1.799 (7) 0.206 (2) 0.048 (12)* 
C8 -0.0142 (3) 1.6567 (7) 0.1735 (2) 0.0322 (9) 
H8 0.035 (2) 1.763 (6) 0.207 (2) 0.040 (11)* 
C9 -0.0033 (2) 1.4720 (6) 0.1270 (2) 0.0280 (8) 
S1 0.09171 (6) 1.41661 (16) 0.12291 (5) 0.0302 (3) 
S2 0.19619 (6) 1.11915 (16) 0.05253 (5) 0.0292 (3) 
C10 0.2521 (2) 0.8618 (7) 0.1163 (2) 0.0299 (8) 
H10A 0.308 (2) 0.867 (5) 0.1185 (19) 0.022 (9)* 
H10B 0.223 (2) 0.711 (6) 0.087 (2) 0.033 (10)* 
C11 0.2583 (3) 0.8599 (6) 0.2012 (2) 0.0294 (8) 
H11A 0.284 (2) 1.006 (7) 0.227 (2) 0.042 (11)* 
H11B 0.201 (2) 0.869 (6) 0.197 (2) 0.037 (11)* 
C12 0.3079 (3) 0.6410 (7) 0.2517 (2) 0.0308 (9) 
H12A 0.370 (2) 0.635 (6) 0.262 (2) 0.029 (9)* 
H12B 0.282 (2) 0.494 (6) 0.222 (2) 0.033 (10)* 
C13 0.3117 (3) 0.6258 (7) 0.3358 (2) 0.0325 (9) 
H13A 0.337 (2) 0.782 (6) 0.371 (2) 0.038 (10)* 
H13B 0.256 (2) 0.617 (6) 0.327 (2) 0.027 (10)* 
C14 0.3632 (3) 0.4140 (7) 0.3878 (2) 0.0320 (9) 
H14A 0.420 (3) 0.421 (7) 0.395 (2) 0.049 (12)* 
H14B 0.336 (2) 0.251 (7) 0.357 (2) 0.045 (11)* 
C15 0.3678 (3) 0.4059 (7) 0.4728 (2) 0.0340 (9) 
H15A 0.395 (3) 0.558 (7) 0.503 (3) 0.055 (13)* 
H15B 0.310 (3) 0.400 (7) 0.470 (2) 0.050 (12)* 
C16 0.4193 (3) 0.1942 (7) 0.5253 (2) 0.0342 (9) 
H16A 0.472 (3) 0.186 (7) 0.530 (2) 0.042 (12)* 
H16B 0.393 (3) 0.041 (7) 0.498 (3) 0.056 (13)* 
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C17 0.4269 (3) 0.1872 (8) 0.6104 (2) 0.0387 (10) 
H17A 0.448 (2) 0.336 (7) 0.637 (2) 0.045 (12)* 
H17B 0.370 (3) 0.179 (7) 0.602 (3) 0.062 (15)* 
C18 0.4800 (3) -0.0188 (8) 0.6632 (3) 0.0403 (10) 
H18A 0.534 (3) -0.017 (7) 0.670 (3) 0.054 (14)* 
H18B 0.457 (3) -0.180 (8) 0.638 (2) 0.054 (13)* 
H18C 0.486 (2) -0.026 (6) 0.723 (2) 0.041 (10)* 
 
Table 3: Geometric parameters (Å, º) for compound 202. 
 
C1—C2 1.401 (5) C11—H11A 0.95 (4) 
C1—C3i 1.411 (4) C11—H11B 0.99 (4) 
C1—S2 1.778 (4) C12—C13 1.523 (5) 
C2—C3 1.424 (5) C12—H12A 1.02 (4) 
C2—S1 1.746 (3) C12—H12B 0.97 (4) 
C3—C1i 1.411 (4) C13—C14 1.522 (5) 
C3—C4 1.474 (5) C13—H13A 1.06 (4) 
C4—C9 1.408 (5) C13—H13B 0.93 (4) 
C4—C5 1.411 (5) C14—C15 1.531 (5) 
C5—C6 1.394 (5) C14—H14A 0.96 (4) 
C5—H5 0.97 (4) C14—H14B 1.06 (4) 
C6—C7 1.397 (5) C15—C16 1.525 (5) 
C6—H6 0.94 (4) C15—H15A 1.00 (4) 
C7—C8 1.383 (6) C15—H15B 1.00 (4) 
C7—H7 0.99 (4) C16—C17 1.513 (5) 
C8—C9 1.410 (5) C16—H16A 0.91 (4) 
C8—H8 0.99 (4) C16—H16B 0.99 (4) 
C9—S1 1.749 (4) C17—C18 1.512 (6) 
S2—C10 1.821 (4) C17—H17A 0.94 (4) 
C10—C11 1.518 (5) C17—H17B 0.94 (5) 
C10—H10A 0.97 (3) C18—H18A 0.91 (4) 
C10—H10B 1.00 (3) C18—H18B 1.00 (4) 
C11—C12 1.534 (5) C18—H18C 1.06 (4) 
    
C2—C1—C3i 117.9 (3) C13—C12—H12A 106.5 (19) 
C2—C1—S2 118.0 (3) C11—C12—H12A 113.3 (19) 
C3
i—C1—S2 124.1 (3) C13—C12—H12B 109 (2) 
C1—C2—C3 124.0 (3) C11—C12—H12B 110 (2) 
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C1—C2—S1 122.7 (3) H12A—C12—H12B 104 (3) 
C3—C2—S1 113.2 (3) C14—C13—C12 114.3 (3) 
C1
i—C3—C2 118.1 (3) C14—C13—H13A 106.9 (19) 
C1
i—C3—C4 131.1 (3) C12—C13—H13A 113 (2) 
C2—C3—C4 110.8 (3) C14—C13—H13B 110 (2) 
C9—C4—C5 118.0 (3) C12—C13—H13B 107 (2) 
C9—C4—C3 111.4 (3) H13A—C13—H13B 105 (3) 
C5—C4—C3 130.5 (3) C13—C14—C15 113.4 (3) 
C6—C5—C4 119.9 (4) C13—C14—H14A 110 (2) 
C6—C5—H5 121 (2) C15—C14—H14A 108 (2) 
C4—C5—H5 119 (2) C13—C14—H14B 110 (2) 
C5—C6—C7 120.7 (4) C15—C14—H14B 108 (2) 
C5—C6—H6 120 (2) H14A—C14—H14B 107 (3) 
C7—C6—H6 119 (2) C16—C15—C14 113.6 (3) 
C8—C7—C6 120.9 (4) C16—C15—H15A 108 (2) 
C8—C7—H7 122 (2) C14—C15—H15A 109 (2) 
C6—C7—H7 117 (2) C16—C15—H15B 108 (2) 
C7—C8—C9 118.3 (4) C14—C15—H15B 113 (2) 
C7—C8—H8 123 (2) H15A—C15—H15B 106 (3) 
C9—C8—H8 118 (2) C17—C16—C15 114.5 (3) 
C4—C9—C8 122.1 (4) C17—C16—H16A 109 (2) 
C4—C9—S1 113.4 (3) C15—C16—H16A 113 (2) 
C8—C9—S1 124.5 (3) C17—C16—H16B 107 (2) 
C2—S1—C9 91.06 (17) C15—C16—H16B 110 (2) 
C1—S2—C10 101.51 (17) H16A—C16—H16B 103 (3) 
C11—C10—S2 115.1 (3) C18—C17—C16 114.4 (4) 
C11—C10—H10A 112.3 (19) C18—C17—H17A 111 (2) 
S2—C10—H10A 103.9 (19) C16—C17—H17A 110 (2) 
C11—C10—H10B 109 (2) C18—C17—H17B 111 (3) 
S2—C10—H10B 108 (2) C16—C17—H17B 105 (3) 
H10A—C10—H10B 108 (3) H17A—C17—H17B 105 (3) 
C10—C11—C12 112.0 (3) C17—C18—H18A 112 (3) 
C10—C11—H11A 107 (2) C17—C18—H18B 113 (2) 
C12—C11—H11A 112 (2) H18A—C18—H18B 104 (3) 
C10—C11—H11B 111 (2) C17—C18—H18C 115 (2) 
C12—C11—H11B 111 (2) H18A—C18—H18C 107 (3) 
H11A—C11—H11B 103 (3) H18B—C18—H18C 105 (3) 
C13—C12—C11 113.7 (3)   
    
C3
i—C1—C2—C3 1.3 (5) C5—C4—C9—S1 176.3 (3) 
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S2—C1—C2—C3 179.6 (2) C3—C4—C9—S1 -2.5 (4) 
C3
i—C1—C2—S1 -178.6 (2) C7—C8—C9—C4 1.4 (5) 
S2—C1—C2—S1 -0.2 (4) C7—C8—C9—S1 -177.9 (3) 
C1—C2—C3—C1i -1.3 (5) C1—C2—S1—C9 179.4 (3) 
S1—C2—C3—C1i 178.6 (2) C3—C2—S1—C9 -0.5 (3) 
C1—C2—C3—C4 179.3 (3) C4—C9—S1—C2 1.7 (3) 
S1—C2—C3—C4 -0.8 (3) C8—C9—S1—C2 -179.0 (3) 
C1
i—C3—C4—C9 -177.2 (3) C2—C1—S2—C10 110.1 (3) 
C2—C3—C4—C9 2.1 (4) C3i—C1—S2—C10 -71.7 (3) 
C1
i—C3—C4—C5 4.2 (6) C1—S2—C10—C11 -75.9 (3) 
C2—C3—C4—C5 -176.5 (3) S2—C10—C11—C12 -178.7 (3) 
C9—C4—C5—C6 2.4 (5) C10—C11—C12—C13 -177.1 (3) 
C3—C4—C5—C6 -179.1 (3) C11—C12—C13—C14 -178.1 (3) 
C4—C5—C6—C7 -0.1 (5) C12—C13—C14—C15 178.7 (3) 
C5—C6—C7—C8 -1.6 (6) C13—C14—C15—C16 -180.0 (4) 
C6—C7—C8—C9 1.0 (5) C14—C15—C16—C17 178.2 (4) 
C5—C4—C9—C8 -3.0 (5) C15—C16—C17—C18 -178.3 (4) 
C3—C4—C9—C8 178.2 (3)   
 
Symmetry code:  (i) -x, -y+2, -z. 
Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2013 (Sheldrick, 2013); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL. 
Special details 
 Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
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9.1.8. X-ray crystal structure data of the compound 203 
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Table 1: Crystal data, data collection and refinement for the 
compound 203 
 
C38H50S4 Z = 1 
Mr = 635.02 F(000) = 342 
Triclinic, P¯1 Dx = 1.223 Mg m
-3
 
a = 4.8430 (2) Å Synchrotron radiation,  = 0.7749 Å 
b = 9.7919 (5) Å Cell parameters from 9968 reflections 
c = 18.6253 (8) Å  = 2.5–40.2° 
 = 81.716 (2)°  = 0.38 mm-1 
 = 82.641 (2)° T = 150 K 
 = 83.063 (2)° Lath, colourless 
V = 862.11 (7)  Å
3
 0.30 × 0.12 × 0.01 mm
3
 
 
Data collection 
Bruker D8 with PHOTON 100 detector  
diffractometer 
8185 independent reflections 
Radiation source: Advanced Light Station 
11.3.1 
6239 reflections with I > 2(I) 
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Silicon 111 monochromator Rint = 0.029 
Detector resolution: 10.42 pixels mm
-1
 max = 40.3°, min = 2.3° 
 rotation with shutterless scans h = -88 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
k = -1616 
Tmin = 0.895, Tmax = 0.996 l = -3031 
16243 measured reflections  
 
Refinement 
Refinement on F
2
 Primary atom site location: iterative 
Least-squares matrix: full Secondary atom site location: difference Fourier 
map 
R[F
2
 > 2(F2)] = 0.053 Hydrogen site location: inferred from 
neighbouring sites 
wR(F
2
) = 0.147 H-atom parameters constrained 
S = 1.03 w = 1/[2(Fo
2
) + (0.072P)
2
 + 0.4188P]   
where P = (Fo
2
 + 2Fc
2
)/3 
8185 reflections (/)max < 0.001 
191 parameters max = 0.85 e Å
-3
 
0 restraints min = -0.48 e Å
-3
 
 
Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 x y z Uiso*/Ueq 
S1 0.55042 (7) 0.18225 (3) -0.00339 (2) 0.01756 (7) 
S2 0.82751 (7) 0.62499 (3) 0.11010 (2) 0.01824 (8) 
C1 0.4849 (2) 0.63879 (12) 0.00438 (6) 0.01449 (19) 
C2 0.6522 (2) 0.54862 (12) 0.05039 (6) 0.01429 (19) 
C3 0.6711 (2) 0.40557 (12) 0.04606 (6) 0.01430 (19) 
C4 0.8238 (2) 0.28733 (13) 0.08601 (7) 0.0157 (2) 
C5 1.0047 (3) 0.28222 (14) 0.13945 (7) 0.0203 (2) 
H5 1.0430 0.3657 0.1549 0.024* 
C6 1.1280 (3) 0.15556 (15) 0.16987 (8) 0.0243 (3) 
H6 1.2509 0.1527 0.2060 0.029* 
C7 1.0729 (3) 0.03154 (15) 0.14770 (8) 0.0250 (3) 
H7 1.1583 -0.0545 0.1693 0.030* 
C8 0.8962 (3) 0.03269 (14) 0.09497 (8) 0.0222 (2) 
H8 0.8587 -0.0513 0.0800 0.027* 
C9 0.7742 (3) 0.16097 (13) 0.06422 (7) 0.0170 (2) 
C10 0.5444 (3) 0.64765 (15) 0.18336 (8) 0.0226 (2) 
407 
 
H10A 0.5978 0.7099 0.2155 0.027* 
H10B 0.3749 0.6935 0.1618 0.027* 
C11 0.4743 (3) 0.51252 (16) 0.22925 (8) 0.0254 (3) 
H11A 0.6440 0.4662 0.2505 0.030* 
H11B 0.4190 0.4505 0.1972 0.030* 
C12 0.2393 (4) 0.53264 (19) 0.29071 (8) 0.0304 (3) 
H12A 0.2954 0.5933 0.3233 0.036* 
H12B 0.0699 0.5800 0.2696 0.036* 
C13 0.1692 (4) 0.3962 (2) 0.33531 (10) 0.0375 (4) 
H13A 0.1002 0.3389 0.3031 0.045* 
H13B 0.3431 0.3458 0.3526 0.045* 
C14 -0.0479 (4) 0.4110 (2) 0.40077 (10) 0.0406 (4) 
H14A 0.0198 0.4688 0.4330 0.049* 
H14B -0.2230 0.4603 0.3836 0.049* 
C15 -0.1121 (5) 0.2737 (3) 0.44480 (12) 0.0515 (6) 
H15A -0.1869 0.2180 0.4128 0.062* 
H15B 0.0655 0.2228 0.4595 0.062* 
C16 -0.3163 (6) 0.2837 (3) 0.51207 (12) 0.0585 (7) 
H16A -0.4961 0.3316 0.4973 0.070* 
H16B -0.2448 0.3420 0.5433 0.070* 
C17 -0.3718 (6) 0.1466 (3) 0.55702 (14) 0.0622 (7) 
H17A -0.4543 0.0913 0.5263 0.075* 
H17B -0.1893 0.0962 0.5682 0.075* 
C18 -0.5554 (10) 0.1502 (4) 0.62606 (18) 0.1004 (15) 
H18A -0.7379 0.2005 0.6148 0.120* 
H18B -0.4731 0.2057 0.6567 0.120* 
C19 -0.6100 (8) 0.0159 (4) 0.67041 (17) 0.0873 (11) 
H19A -0.7325 -0.0313 0.6463 0.131* 
H19B -0.7010 0.0325 0.7189 0.131* 
H19C -0.4324 -0.0425 0.6753 0.131* 
 
Table 3: Geometric parameters (Å, º) for compound 203 
 
S1—C1i 1.7376 (12) C11—H11B 0.9900 
S1—C9 1.7388 (13) C12—C13 1.519 (3) 
S2—C2 1.7753 (11) C12—H12A 0.9900 
S2—C10 1.8236 (14) C12—H12B 0.9900 
C1—C2 1.3990 (17) C13—C14 1.516 (2) 
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C1—C3i 1.4217 (16) C13—H13A 0.9900 
C1—S1i 1.7377 (12) C13—H13B 0.9900 
C2—C3 1.4060 (16) C14—C15 1.515 (3) 
C3—C1i 1.4217 (16) C14—H14A 0.9900 
C3—C4 1.4583 (17) C14—H14B 0.9900 
C4—C5 1.3995 (17) C15—C16 1.501 (3) 
C4—C9 1.4124 (17) C15—H15A 0.9900 
C5—C6 1.3860 (19) C15—H15B 0.9900 
C5—H5 0.9500 C16—C17 1.510 (3) 
C6—C7 1.403 (2) C16—H16A 0.9900 
C6—H6 0.9500 C16—H16B 0.9900 
C7—C8 1.381 (2) C17—C18 1.469 (4) 
C7—H7 0.9500 C17—H17A 0.9900 
C8—C9 1.3983 (19) C17—H17B 0.9900 
C8—H8 0.9500 C18—C19 1.482 (4) 
C10—C11 1.518 (2) C18—H18A 0.9900 
C10—H10A 0.9900 C18—H18B 0.9900 
C10—H10B 0.9900 C19—H19A 0.9800 
C11—C12 1.524 (2) C19—H19B 0.9800 
C11—H11A 0.9900 C19—H19C 0.9800 
    
C1
i—S1—C9 90.99 (6) C11—C12—H12B 109.1 
C2—S2—C10 99.85 (6) H12A—C12—H12B 107.9 
C2—C1—C3i 123.94 (11) C14—C13—C12 114.58 (17) 
C2—C1—S1i 122.72 (9) C14—C13—H13A 108.6 
C3
i—C1—S1i 113.35 (9) C12—C13—H13A 108.6 
C1—C2—C3 118.35 (10) C14—C13—H13B 108.6 
C1—C2—S2 116.87 (9) C12—C13—H13B 108.6 
C3—C2—S2 124.77 (9) H13A—C13—H13B 107.6 
C2—C3—C1i 117.70 (11) C15—C14—C13 113.58 (18) 
C2—C3—C4 131.41 (11) C15—C14—H14A 108.8 
C1
i—C3—C4 110.88 (10) C13—C14—H14A 108.8 
C5—C4—C9 118.14 (11) C15—C14—H14B 108.8 
C5—C4—C3 130.51 (11) C13—C14—H14B 108.8 
C9—C4—C3 111.35 (10) H14A—C14—H14B 107.7 
C6—C5—C4 120.08 (13) C16—C15—C14 115.4 (2) 
C6—C5—H5 120.0 C16—C15—H15A 108.4 
C4—C5—H5 120.0 C14—C15—H15A 108.4 
C5—C6—C7 120.57 (13) C16—C15—H15B 108.4 
C5—C6—H6 119.7 C14—C15—H15B 108.4 
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C7—C6—H6 119.7 H15A—C15—H15B 107.5 
C8—C7—C6 120.92 (13) C15—C16—C17 115.1 (2) 
C8—C7—H7 119.5 C15—C16—H16A 108.5 
C6—C7—H7 119.5 C17—C16—H16A 108.5 
C7—C8—C9 118.12 (13) C15—C16—H16B 108.5 
C7—C8—H8 120.9 C17—C16—H16B 108.5 
C9—C8—H8 120.9 H16A—C16—H16B 107.5 
C8—C9—C4 122.15 (12) C18—C17—C16 117.6 (3) 
C8—C9—S1 124.41 (10) C18—C17—H17A 107.9 
C4—C9—S1 113.44 (9) C16—C17—H17A 107.9 
C11—C10—S2 113.55 (10) C18—C17—H17B 107.9 
C11—C10—H10A 108.9 C16—C17—H17B 107.9 
S2—C10—H10A 108.9 H17A—C17—H17B 107.2 
C11—C10—H10B 108.9 C17—C18—C19 117.8 (3) 
S2—C10—H10B 108.9 C17—C18—H18A 107.9 
H10A—C10—H10B 107.7 C19—C18—H18A 107.9 
C10—C11—C12 113.16 (13) C17—C18—H18B 107.9 
C10—C11—H11A 108.9 C19—C18—H18B 107.9 
C12—C11—H11A 108.9 H18A—C18—H18B 107.2 
C10—C11—H11B 108.9 C18—C19—H19A 109.5 
C12—C11—H11B 108.9 C18—C19—H19B 109.5 
H11A—C11—H11B 107.8 H19A—C19—H19B 109.5 
C13—C12—C11 112.41 (15) C18—C19—H19C 109.5 
C13—C12—H12A 109.1 H19A—C19—H19C 109.5 
C11—C12—H12A 109.1 H19B—C19—H19C 109.5 
C13—C12—H12B 109.1   
    
C3
i—C1—C2—C3 0.92 (19) C6—C7—C8—C9 0.1 (2) 
S1
i—C1—C2—C3 -178.81 (9) C7—C8—C9—C4 -0.7 (2) 
C3
i—C1—C2—S2 -179.39 (9) C7—C8—C9—S1 179.23 (11) 
S1
i—C1—C2—S2 0.87 (14) C5—C4—C9—C8 0.92 (19) 
C10—S2—C2—C1 81.76 (10) C3—C4—C9—C8 -179.65 (12) 
C10—S2—C2—C3 -98.58 (11) C5—C4—C9—S1 -179.05 (10) 
C1—C2—C3—C1i -0.86 (18) C3—C4—C9—S1 0.38 (14) 
S2—C2—C3—C1i 179.48 (9) C1i—S1—C9—C8 179.82 (12) 
C1—C2—C3—C4 -179.70 (12) C1i—S1—C9—C4 -0.21 (10) 
S2—C2—C3—C4 0.64 (19) C2—S2—C10—C11 71.97 (11) 
C2—C3—C4—C5 -2.1 (2) S2—C10—C11—C12 179.50 (10) 
C1
i—C3—C4—C5 178.96 (13) C10—C11—C12—C13 179.16 (14) 
C2—C3—C4—C9 178.51 (12) C11—C12—C13—C14 175.52 (15) 
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C1
i—C3—C4—C9 -0.38 (14) C12—C13—C14—C15 -179.41 (18) 
C9—C4—C5—C6 -0.47 (19) C13—C14—C15—C16 177.3 (2) 
C3—C4—C5—C6 -179.77 (13) C14—C15—C16—C17 -178.0 (2) 
C4—C5—C6—C7 -0.1 (2) C15—C16—C17—C18 176.0 (3) 
C5—C6—C7—C8 0.3 (2) C16—C17—C18—C19 -179.9 (4) 
 
Symmetry code:  (i) -x+1, -y+1, -z. 
Document origin: publCIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925]. 
Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXT 2014/4 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL2014/7 (Sheldrick, 2014); molecular graphics: Bruker SHELXTL; software used to 
prepare material for publication: Bruker SHELXTL. 
Special details 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
 
Table 4: Experimental details 
 
Crystal data 
Chemical formula C38H50S4 
Mr 635.02 
Crystal system, space group Triclinic, P¯1 
Temperature (K) 150 
a, b, c (Å) 4.8430 (2), 9.7919 (5), 18.6253 (8) 
, ,  (°) 81.716 (2), 82.641 (2), 83.063 (2) 
V (Å
3
) 862.11 (7) 
Z 1 
Radiation type Synchrotron,  = 0.7749 Å 
 (mm-1) 0.38 
Crystal size (mm
3
) 0.30 × 0.12 × 0.01 
 
Data collection 
Diffractometer Bruker D8 with PHOTON 100 detector  
411 
 
diffractometer 
Absorption correction Multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
Tmin, Tmax 0.895, 0.996 
No. of measured, independent and 
observed [I > 2(I)] reflections 
16243, 8185, 6239   
Rint 0.029 
(sin /)max (Å
-1
) 0.834 
 
Refinement 
R[F
2
 > 2(F2)], wR(F2), S 0.053,  0.147,  1.03 
No. of reflections 8185 
No. of parameters 191 
H-atom treatment H-atom parameters constrained 
max, min (e Å
-3
) 0.85, -0.48 
 
Computer programs: Bruker APEX 2, Bruker SAINT, SHELXT 2014/4 (Sheldrick, 2008), 
SHELXL2014/7 (Sheldrick, 2014), Bruker SHELXTL. 
9.1.9. X-ray crystal structure data of the compound 360 
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Table 1: Crystal data, data collection and refinement of the compound 
360. 
 
C18H12F4N2O2S Z = 4 
Mr = 396.36 F(000) = 808 
Triclinic, P¯1 Dx = 1.542 Mg m
-3
 
a = 10.2920 (4) Å Mo K radiation,  = 0.71073 Å 
b = 12.2449 (5) Å Cell parameters from 11662 reflections 
c = 15.3245 (6) Å  = 2.4–30.6° 
 = 69.6164 (5)°  = 0.25 mm-1 
 = 77.6764 (5)° T = 150 K 
 = 71.6855 (5)° Block, colourless 
V = 1706.86 (12) Å
3
 0.57 × 0.28 × 0.15 mm
3
 
 
Data collection 
Bruker APEX 2 CCD area detector  
diffractometer 
10365 independent reflections 
Radiation source: fine-focus sealed tube 8760 reflections with I > 2(I) 
417 
 
Graphite monochromator Rint = 0.020 
 rotation with narrow frames scans max = 30.6°, min = 1.8° 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
h = -1414 
Tmin = 0.872, Tmax = 0.964 k = -1717 
27388 measured reflections l = -2121 
 
Refinement 
Refinement on F
2
 Primary atom site location: structure-invariant 
direct methods 
Least-squares matrix: full Secondary atom site location: difference Fourier 
map 
R[F
2
 > 2(F2)] = 0.040 Hydrogen site location: mixed 
wR(F
2
) = 0.110 H atoms treated by a mixture of independent 
and constrained refinement 
S = 1.02 w = 1/[2(Fo
2
) + (0.056P)
2
 + 0.4992P]   
where P = (Fo
2
 + 2Fc
2
)/3 
10365 reflections (/)max = 0.001 
586 parameters max = 0.39 e Å
-3
 
432 restraints min = -0.40 e Å
-3
 
 
 
 
Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 
 x y z Uiso*/Ueq Occ. (<1) 
N1 0.33810 (13) 0.97224 (10) 0.32581 (9) 0.0337 (2)  
C1 0.46665 (14) 0.93198 (12) 0.29403 (10) 0.0324 (3)  
F1 0.55575 (10) 0.98947 (9) 0.29603 (8) 0.0474 (2)  
C2 0.51249 (12) 0.83465 (11) 0.25882 (10) 0.0272 (2)  
F2 0.64516 (8) 0.80151 (7) 0.22501 (6) 0.03468 (18)  
C3 0.42049 (12) 0.77352 (10) 0.25685 (8) 0.0240 (2)  
C4 0.28518 (12) 0.81614 (11) 0.29300 (9) 0.0261 (2)  
F4 0.18861 (8) 0.76229 (7) 0.29597 (6) 0.03343 (17)  
C5 0.25033 (13) 0.91510 (12) 0.32473 (10) 0.0304 (3)  
F5 0.11903 (9) 0.95858 (8) 0.35630 (7) 0.0435 (2)  
C6 0.46250 (12) 0.66959 (11) 0.21851 (9) 0.0245 (2)  
C7 0.45726 (14) 0.55463 (11) 0.27858 (10) 0.0297 (3)  
H7 0.4281 0.5434 0.3435 0.036*  
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C8 0.49436 (15) 0.45647 (12) 0.24412 (11) 0.0339 (3)  
H8 0.4904 0.3787 0.2854 0.041*  
C9 0.53699 (15) 0.47229 (12) 0.14963 (11) 0.0348 (3)  
H9 0.5616 0.4054 0.1260 0.042*  
C10 0.54391 (14) 0.58552 (12) 0.08922 (10) 0.0320 (3)  
H10 0.5744 0.5957 0.0245 0.038*  
C11 0.50624 (12) 0.68463 (11) 0.12308 (9) 0.0255 (2)  
N2 0.51430 (11) 0.79991 (10) 0.05787 (8) 0.0275 (2)  
H2 0.5284 (18) 0.8478 (16) 0.0769 (12) 0.033*  
S1 0.40263 (3) 0.87176 (3) -0.01938 (2) 0.02816 (8)  
O1 0.39052 (11) 0.78569 (9) -0.05850 (7) 0.0365 (2)  
O2 0.45037 (11) 0.97499 (9) -0.07857 (7) 0.0356 (2)  
C12 0.24280 (14) 0.92236 (13) 0.04252 (10) 0.0323 (3)  
C13 0.14601 (16) 0.85590 (16) 0.06646 (11) 0.0415 (3)  
H13 0.1649 0.7859 0.0475 0.050*  
C14 0.02174 (17) 0.8928 (2) 0.11827 (12) 0.0535 (5)  
H14 -0.0443 0.8474 0.1347 0.064*  
C15 -0.00759 (16) 0.9944 (2) 0.14640 (12) 0.0562 (5)  
C16 0.09050 (18) 1.06064 (19) 0.12078 (13) 0.0542 (5)  
H16 0.0710 1.1312 0.1392 0.065*  
C17 0.21594 (16) 1.02559 (16) 0.06903 (12) 0.0419 (3)  
H17 0.2819 1.0712 0.0522 0.050*  
C18 -0.14147 (19) 1.0320 (3) 0.20516 (15) 0.0867 (9)  
H18A -0.2162 1.0173 0.1842 0.130*  
H18B -0.1615 1.1181 0.1982 0.130*  
H18C -0.1335 0.9850 0.2711 0.130*  
N1A -0.3242 (3) 0.7883 (3) 0.6319 (4) 0.0487 (9) 0.721 (11) 
C1A -0.2637 (3) 0.8174 (3) 0.5470 (4) 0.0450 (8) 0.721 (11) 
F1A -0.3429 (3) 0.8551 (2) 0.4776 (3) 0.0606 (9) 0.721 (11) 
C2A -0.1243 (3) 0.8111 (3) 0.5233 (4) 0.0338 (8) 0.721 (11) 
F2A -0.0723 (4) 0.8388 (3) 0.4328 (3) 0.0439 (7) 0.721 (11) 
C3A -0.0399 (4) 0.7747 (4) 0.5927 (3) 0.0313 (7) 0.721 (11) 
C4A -0.1060 (3) 0.7500 (3) 0.6830 (4) 0.0383 (7) 0.721 (11) 
F4A -0.0360 (3) 0.7188 (3) 0.7567 (3) 0.0476 (7) 0.721 (11) 
C5A -0.2456 (3) 0.7555 (3) 0.6996 (4) 0.0486 (9) 0.721 (11) 
F5A -0.3077 (3) 0.7287 (3) 0.7867 (3) 0.0653 (9) 0.721 (11) 
N1X -0.3098 (12) 0.7693 (9) 0.6822 (13) 0.067 (3) 0.279 (11) 
C1X -0.2685 (9) 0.8022 (10) 0.5955 (12) 0.056 (3) 0.279 (11) 
F1X -0.3569 (6) 0.8404 (10) 0.5324 (13) 0.079 (3) 0.279 (11) 
C2X -0.1289 (10) 0.7998 (11) 0.5629 (10) 0.041 (2) 0.279 (11) 
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F2X -0.0916 (8) 0.8338 (8) 0.4705 (9) 0.0426 (18) 0.279 (11) 
C3X -0.0339 (11) 0.7640 (11) 0.6247 (8) 0.034 (2) 0.279 (11) 
C4X -0.0841 (13) 0.7358 (9) 0.7178 (9) 0.047 (3) 0.279 (11) 
F4X 0.0007 (15) 0.7059 (9) 0.7844 (7) 0.065 (2) 0.279 (11) 
C5X -0.2215 (13) 0.7391 (10) 0.7422 (11) 0.068 (3) 0.279 (11) 
F5X -0.2670 (15) 0.7088 (7) 0.8340 (11) 0.096 (4) 0.279 (11) 
C6A 0.11208 (14) 0.76192 (12) 0.57693 (12) 0.0356 (3)  
C7A 0.16789 (16) 0.84080 (14) 0.59584 (14) 0.0437 (4)  
H7A 0.1089 0.9010 0.6225 0.052*  
C8A 0.30810 (16) 0.83220 (13) 0.57611 (12) 0.0395 (3)  
H8A 0.3449 0.8858 0.5898 0.047*  
C9A 0.39423 (13) 0.74510 (12) 0.53639 (10) 0.0314 (3)  
H9A 0.4904 0.7386 0.5232 0.038*  
C10A 0.34062 (12) 0.66747 (11) 0.51590 (9) 0.0262 (2)  
H10A 0.3999 0.6088 0.4877 0.031*  
C11A 0.19962 (12) 0.67507 (11) 0.53646 (9) 0.0264 (2)  
N2A 0.14960 (11) 0.59269 (10) 0.51364 (8) 0.0280 (2)  
H2A 0.0688 (18) 0.6149 (15) 0.5008 (12) 0.034*  
S1A 0.18461 (3) 0.44899 (3) 0.57545 (2) 0.02449 (7)  
O1A 0.32912 (9) 0.40894 (8) 0.58404 (7) 0.02978 (19)  
O2A 0.12662 (10) 0.39365 (8) 0.52992 (7) 0.0311 (2)  
C12A 0.09358 (12) 0.44049 (11) 0.68776 (9) 0.0255 (2)  
C13A 0.15861 (13) 0.44084 (13) 0.75822 (11) 0.0325 (3)  
H13A 0.2521 0.4437 0.7466 0.039*  
C14A 0.08518 (15) 0.43695 (16) 0.84580 (12) 0.0421 (4)  
H14A 0.1298 0.4355 0.8946 0.051*  
C15A -0.05303 (16) 0.43514 (16) 0.86368 (12) 0.0416 (3)  
C16A -0.11581 (14) 0.43528 (14) 0.79169 (12) 0.0371 (3)  
H16A -0.2097 0.4338 0.8030 0.045*  
C17A -0.04417 (13) 0.43758 (12) 0.70395 (10) 0.0308 (3)  
H17A -0.0881 0.4372 0.6555 0.037*  
C18A -0.1335 (2) 0.4367 (3) 0.95816 (16) 0.0688 (7)  
H18D -0.1549 0.5178 0.9642 0.103*  
H18E -0.0784 0.3785 1.0078 0.103*  
H18F -0.2194 0.4148 0.9638 0.103*  
 
Table 3: Geometric parameters (Å, º) for compound 360. 
N1—C1 1.3087 (18) C3A—C4A 1.380 (4) 
N1—C5 1.3105 (18) C3A—C6A 1.497 (4) 
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C1—F1 1.3305 (15) C4A—F4A 1.346 (3) 
C1—C2 1.3856 (17) C4A—C5A 1.389 (4) 
C2—F2 1.3393 (14) C5A—F5A 1.326 (4) 
C2—C3 1.3897 (17) N1X—C1X 1.267 (11) 
C3—C4 1.3906 (17) N1X—C5X 1.311 (12) 
C3—C6 1.4894 (16) C1X—F1X 1.331 (10) 
C4—F4 1.3403 (14) C1X—C2X 1.411 (10) 
C4—C5 1.3771 (17) C2X—F2X 1.335 (8) 
C5—F5 1.3386 (15) C2X—C3X 1.373 (10) 
C6—C7 1.3985 (17) C3X—C4X 1.369 (10) 
C6—C11 1.3996 (18) C3X—C6A 1.521 (10) 
C7—C8 1.3918 (18) C4X—F4X 1.363 (10) 
C7—H7 0.9500 C4X—C5X 1.375 (11) 
C8—C9 1.383 (2) C5X—F5X 1.341 (10) 
C8—H8 0.9500 C6A—C11A 1.3951 (19) 
C9—C10 1.387 (2) C6A—C7A 1.4005 (19) 
C9—H9 0.9500 C7A—C8A 1.388 (2) 
C10—C11 1.3962 (17) C7A—H7A 0.9500 
C10—H10 0.9500 C8A—C9A 1.386 (2) 
C11—N2 1.4330 (16) C8A—H8A 0.9500 
N2—S1 1.6480 (12) C9A—C10A 1.3850 (17) 
N2—H2 0.801 (18) C9A—H9A 0.9500 
S1—O1 1.4284 (10) C10A—C11A 1.3980 (16) 
S1—O2 1.4364 (10) C10A—H10A 0.9500 
S1—C12 1.7586 (14) C11A—N2A 1.4330 (15) 
C12—C17 1.389 (2) N2A—S1A 1.6460 (11) 
C12—C13 1.391 (2) N2A—H2A 0.833 (18) 
C13—C14 1.387 (2) S1A—O1A 1.4318 (9) 
C13—H13 0.9500 S1A—O2A 1.4365 (9) 
C14—C15 1.380 (3) S1A—C12A 1.7605 (14) 
C14—H14 0.9500 C12A—C13A 1.3883 (18) 
C15—C16 1.398 (3) C12A—C17A 1.3959 (17) 
C15—C18 1.511 (2) C13A—C14A 1.386 (2) 
C16—C17 1.390 (2) C13A—H13A 0.9500 
C16—H16 0.9500 C14A—C15A 1.396 (2) 
C17—H17 0.9500 C14A—H14A 0.9500 
C18—H18A 0.9800 C15A—C16A 1.392 (2) 
C18—H18B 0.9800 C15A—C18A 1.510 (2) 
C18—H18C 0.9800 C16A—C17A 1.384 (2) 
N1A—C1A 1.295 (4) C16A—H16A 0.9500 
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N1A—C5A 1.326 (5) C17A—H17A 0.9500 
C1A—F1A 1.342 (4) C18A—H18D 0.9800 
C1A—C2A 1.386 (4) C18A—H18E 0.9800 
C2A—F2A 1.339 (4) C18A—H18F 0.9800 
C2A—C3A 1.380 (4)   
    
C1—N1—C5 117.13 (11) C4A—C3A—C6A 119.5 (3) 
N1—C1—F1 117.00 (12) F4A—C4A—C3A 120.7 (3) 
N1—C1—C2 123.45 (12) F4A—C4A—C5A 118.8 (3) 
F1—C1—C2 119.56 (12) C3A—C4A—C5A 120.6 (3) 
F2—C2—C1 119.64 (11) N1A—C5A—F5A 116.4 (3) 
F2—C2—C3 120.29 (11) N1A—C5A—C4A 123.3 (3) 
C1—C2—C3 120.06 (12) F5A—C5A—C4A 120.3 (4) 
C2—C3—C4 115.46 (11) C1X—N1X—C5X 118.6 (9) 
C2—C3—C6 122.77 (11) N1X—C1X—F1X 120.4 (9) 
C4—C3—C6 121.77 (11) N1X—C1X—C2X 121.4 (9) 
F4—C4—C5 120.03 (11) F1X—C1X—C2X 118.2 (9) 
F4—C4—C3 120.31 (11) F2X—C2X—C3X 120.8 (7) 
C5—C4—C3 119.65 (11) F2X—C2X—C1X 118.5 (8) 
N1—C5—F5 116.28 (12) C3X—C2X—C1X 120.7 (8) 
N1—C5—C4 124.22 (12) C4X—C3X—C2X 116.0 (9) 
F5—C5—C4 119.50 (12) C4X—C3X—C6A 130.7 (8) 
C7—C6—C11 119.06 (11) C2X—C3X—C6A 113.3 (7) 
C7—C6—C3 119.61 (11) F4X—C4X—C3X 120.4 (9) 
C11—C6—C3 121.32 (11) F4X—C4X—C5X 121.0 (9) 
C8—C7—C6 120.62 (13) C3X—C4X—C5X 118.6 (10) 
C8—C7—H7 119.7 N1X—C5X—F5X 118.3 (8) 
C6—C7—H7 119.7 N1X—C5X—C4X 124.5 (9) 
C9—C8—C7 119.91 (13) F5X—C5X—C4X 117.2 (10) 
C9—C8—H8 120.0 C11A—C6A—C7A 118.90 (12) 
C7—C8—H8 120.0 C11A—C6A—C3A 119.5 (2) 
C8—C9—C10 120.21 (12) C7A—C6A—C3A 121.5 (2) 
C8—C9—H9 119.9 C11A—C6A—C3X 126.5 (4) 
C10—C9—H9 119.9 C7A—C6A—C3X 113.0 (4) 
C9—C10—C11 120.28 (13) C8A—C7A—C6A 120.92 (14) 
C9—C10—H10 119.9 C8A—C7A—H7A 119.5 
C11—C10—H10 119.9 C6A—C7A—H7A 119.5 
C10—C11—C6 119.92 (12) C9A—C8A—C7A 119.68 (13) 
C10—C11—N2 118.24 (12) C9A—C8A—H8A 120.2 
C6—C11—N2 121.85 (11) C7A—C8A—H8A 120.2 
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C11—N2—S1 119.94 (9) C10A—C9A—C8A 120.23 (12) 
C11—N2—H2 118.2 (12) C10A—C9A—H9A 119.9 
S1—N2—H2 109.0 (12) C8A—C9A—H9A 119.9 
O1—S1—O2 120.19 (6) C9A—C10A—C11A 120.28 (12) 
O1—S1—N2 107.33 (6) C9A—C10A—H10A 119.9 
O2—S1—N2 104.68 (6) C11A—C10A—H10A 119.9 
O1—S1—C12 108.29 (7) C6A—C11A—C10A 119.98 (11) 
O2—S1—C12 108.54 (7) C6A—C11A—N2A 122.04 (11) 
N2—S1—C12 107.10 (6) C10A—C11A—N2A 117.97 (11) 
C17—C12—C13 120.86 (14) C11A—N2A—S1A 120.00 (9) 
C17—C12—S1 120.04 (12) C11A—N2A—H2A 118.1 (12) 
C13—C12—S1 119.08 (12) S1A—N2A—H2A 109.0 (12) 
C14—C13—C12 119.40 (17) O1A—S1A—O2A 119.80 (6) 
C14—C13—H13 120.3 O1A—S1A—N2A 107.63 (6) 
C12—C13—H13 120.3 O2A—S1A—N2A 104.69 (6) 
C15—C14—C13 121.15 (18) O1A—S1A—C12A 108.47 (6) 
C15—C14—H14 119.4 O2A—S1A—C12A 108.75 (6) 
C13—C14—H14 119.4 N2A—S1A—C12A 106.76 (6) 
C14—C15—C16 118.55 (16) C13A—C12A—C17A 120.89 (12) 
C14—C15—C18 120.9 (2) C13A—C12A—S1A 119.44 (10) 
C16—C15—C18 120.6 (2) C17A—C12A—S1A 119.63 (10) 
C17—C16—C15 121.48 (18) C14A—C13A—C12A 119.04 (12) 
C17—C16—H16 119.3 C14A—C13A—H13A 120.5 
C15—C16—H16 119.3 C12A—C13A—H13A 120.5 
C12—C17—C16 118.54 (17) C13A—C14A—C15A 121.27 (14) 
C12—C17—H17 120.7 C13A—C14A—H14A 119.4 
C16—C17—H17 120.7 C15A—C14A—H14A 119.4 
C15—C18—H18A 109.5 C16A—C15A—C14A 118.48 (14) 
C15—C18—H18B 109.5 C16A—C15A—C18A 120.86 (15) 
H18A—C18—H18B 109.5 C14A—C15A—C18A 120.63 (15) 
C15—C18—H18C 109.5 C17A—C16A—C15A 121.34 (13) 
H18A—C18—H18C 109.5 C17A—C16A—H16A 119.3 
H18B—C18—H18C 109.5 C15A—C16A—H16A 119.3 
C1A—N1A—C5A 116.0 (3) C16A—C17A—C12A 118.96 (12) 
N1A—C1A—F1A 116.8 (2) C16A—C17A—H17A 120.5 
N1A—C1A—C2A 124.9 (3) C12A—C17A—H17A 120.5 
F1A—C1A—C2A 118.3 (3) C15A—C18A—H18D 109.5 
F2A—C2A—C3A 120.5 (3) C15A—C18A—H18E 109.5 
F2A—C2A—C1A 119.5 (3) H18D—C18A—H18E 109.5 
C3A—C2A—C1A 120.0 (4) C15A—C18A—H18F 109.5 
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C2A—C3A—C4A 115.0 (3) H18D—C18A—H18F 109.5 
C2A—C3A—C6A 125.5 (3) H18E—C18A—H18F 109.5 
    
C5—N1—C1—F1 -179.38 (13) C1A—N1A—C5A—F5A 178.2 (3) 
C5—N1—C1—C2 0.9 (2) C1A—N1A—C5A—C4A -0.9 (5) 
N1—C1—C2—F2 177.97 (13) F4A—C4A—C5A—N1A 178.1 (3) 
F1—C1—C2—F2 -1.7 (2) C3A—C4A—C5A—N1A -2.6 (5) 
N1—C1—C2—C3 -0.7 (2) F4A—C4A—C5A—F5A -1.0 (5) 
F1—C1—C2—C3 179.65 (13) C3A—C4A—C5A—F5A 178.3 (3) 
F2—C2—C3—C4 -179.46 (11) C5X—N1X—C1X—F1X -176.0 (9) 
C1—C2—C3—C4 -0.82 (19) C5X—N1X—C1X—C2X 3.8 (14) 
F2—C2—C3—C6 0.32 (19) N1X—C1X—C2X—F2X 179.0 (9) 
C1—C2—C3—C6 178.95 (12) F1X—C1X—C2X—F2X -1.2 (13) 
C2—C3—C4—F4 -178.82 (11) N1X—C1X—C2X—C3X -1.4 (15) 
C6—C3—C4—F4 1.40 (18) F1X—C1X—C2X—C3X 178.4 (9) 
C2—C3—C4—C5 1.99 (18) F2X—C2X—C3X—C4X 177.3 (9) 
C6—C3—C4—C5 -177.79 (12) C1X—C2X—C3X—C4X -2.3 (15) 
C1—N1—C5—F5 -179.12 (12) F2X—C2X—C3X—C6A -2.9 (13) 
C1—N1—C5—C4 0.4 (2) C1X—C2X—C3X—C6A 177.5 (8) 
F4—C4—C5—N1 178.93 (13) C2X—C3X—C4X—F4X -176.3 (10) 
C3—C4—C5—N1 -1.9 (2) C6A—C3X—C4X—F4X 4.0 (17) 
F4—C4—C5—F5 -1.62 (19) C2X—C3X—C4X—C5X 3.4 (14) 
C3—C4—C5—F5 177.57 (12) C6A—C3X—C4X—C5X -176.3 (9) 
C2—C3—C6—C7 114.00 (14) C1X—N1X—C5X—F5X 177.5 (8) 
C4—C3—C6—C7 -66.23 (16) C1X—N1X—C5X—C4X -2.7 (16) 
C2—C3—C6—C11 -66.54 (16) F4X—C4X—C5X—N1X 178.6 (10) 
C4—C3—C6—C11 113.22 (14) C3X—C4X—C5X—N1X -1.1 (16) 
C11—C6—C7—C8 -0.28 (19) F4X—C4X—C5X—F5X -1.6 (15) 
C3—C6—C7—C8 179.19 (12) C3X—C4X—C5X—F5X 178.7 (9) 
C6—C7—C8—C9 0.1 (2) C2A—C3A—C6A—C11A -65.0 (4) 
C7—C8—C9—C10 0.5 (2) C4A—C3A—C6A—C11A 115.7 (3) 
C8—C9—C10—C11 -0.8 (2) C2A—C3A—C6A—C7A 110.5 (4) 
C9—C10—C11—C6 0.58 (19) C4A—C3A—C6A—C7A -68.8 (4) 
C9—C10—C11—N2 -179.61 (12) C4X—C3X—C6A—C11A 103.9 (11) 
C7—C6—C11—C10 -0.03 (18) C2X—C3X—C6A—C11A -75.8 (10) 
C3—C6—C11—C10 -179.49 (11) C4X—C3X—C6A—C7A -61.4 (12) 
C7—C6—C11—N2 -179.84 (11) C2X—C3X—C6A—C7A 118.9 (8) 
C3—C6—C11—N2 0.71 (18) C11A—C6A—C7A—C8A -0.9 (3) 
C10—C11—N2—S1 71.39 (14) C3A—C6A—C7A—C8A -176.4 (3) 
C6—C11—N2—S1 -108.80 (12) C3X—C6A—C7A—C8A 165.6 (6) 
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C11—N2—S1—O1 -44.97 (11) C6A—C7A—C8A—C9A 0.6 (3) 
C11—N2—S1—O2 -173.74 (10) C7A—C8A—C9A—C10A 0.4 (2) 
C11—N2—S1—C12 71.14 (11) C8A—C9A—C10A—C11A -1.0 (2) 
O1—S1—C12—C17 -165.11 (12) C7A—C6A—C11A—C10A 0.3 (2) 
O2—S1—C12—C17 -33.08 (14) C3A—C6A—C11A—C10A 175.9 (2) 
N2—S1—C12—C17 79.43 (13) C3X—C6A—C11A—C10A -164.2 (6) 
O1—S1—C12—C13 16.60 (14) C7A—C6A—C11A—N2A -178.91 (14) 
O2—S1—C12—C13 148.62 (12) C3A—C6A—C11A—N2A -3.3 (3) 
N2—S1—C12—C13 -98.87 (12) C3X—C6A—C11A—N2A 16.6 (7) 
C17—C12—C13—C14 -0.6 (2) C9A—C10A—C11A—C6A 0.7 (2) 
S1—C12—C13—C14 177.63 (12) C9A—C10A—C11A—N2A 179.90 (12) 
C12—C13—C14—C15 0.1 (2) C6A—C11A—N2A—S1A -108.85 (14) 
C13—C14—C15—C16 0.6 (3) C10A—C11A—N2A—S1A 71.92 (15) 
C13—C14—C15—C18 -178.24 (16) C11A—N2A—S1A—O1A -48.06 (12) 
C14—C15—C16—C17 -0.7 (3) C11A—N2A—S1A—O2A -176.55 (10) 
C18—C15—C16—C17 178.13 (16) C11A—N2A—S1A—C12A 68.23 (11) 
C13—C12—C17—C16 0.5 (2) O1A—S1A—C12A—C13A 22.10 (12) 
S1—C12—C17—C16 -177.73 (12) O2A—S1A—C12A—C13A 153.92 (10) 
C15—C16—C17—C12 0.1 (2) N2A—S1A—C12A—C13A -93.63 (11) 
C5A—N1A—C1A—F1A -177.6 (3) O1A—S1A—C12A—C17A -160.04 (10) 
C5A—N1A—C1A—C2A 3.1 (4) O2A—S1A—C12A—C17A -28.22 (12) 
N1A—C1A—C2A—F2A 177.2 (3) N2A—S1A—C12A—C17A 84.23 (11) 
F1A—C1A—C2A—F2A -2.0 (5) C17A—C12A—C13A—C14A 0.7 (2) 
N1A—C1A—C2A—C3A -1.8 (5) S1A—C12A—C13A—C14A 178.52 (12) 
F1A—C1A—C2A—C3A 179.0 (3) C12A—C13A—C14A—C15A -1.3 (2) 
F2A—C2A—C3A—C4A 179.3 (3) C13A—C14A—C15A—C16A 1.1 (3) 
C1A—C2A—C3A—C4A -1.7 (5) C13A—C14A—C15A—C18A -177.15 (18) 
F2A—C2A—C3A—C6A -0.1 (6) C14A—C15A—C16A—C17A -0.2 (2) 
C1A—C2A—C3A—C6A 178.9 (3) C18A—C15A—C16A—C17A 177.99 (17) 
C2A—C3A—C4A—F4A -177.0 (3) C15A—C16A—C17A—C12A -0.4 (2) 
C6A—C3A—C4A—F4A 2.4 (5) C13A—C12A—C17A—C16A 0.1 (2) 
C2A—C3A—C4A—C5A 3.7 (5) S1A—C12A—C17A—C16A -177.70 (11) 
C6A—C3A—C4A—C5A -176.9 (3)   
Table 4: Hydrogen-bond geometry (Å, º) for compound 360 
 D—H···A D—H H···A D···A D—H···A 
N2—H2···O2i 0.801 (18) 2.257 (18) 3.0198 (15) 159.3 (16) 
N2A—
H2A···O2A
ii
 
0.833 (18) 2.202 (18) 2.9982 (14) 159.9 (16) 
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Symmetry codes:  (i) -x+1, -y+2, -z;  (ii) -x, -y+1, -z+1. 
Document origin: publCIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925]. 
Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2014/7 (Sheldrick, 2014); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL. 
Special details 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
Table 5: Experimental details 
Crystal data 
Chemical formula C18H12F4N2O2S 
Mr 396.36 
Crystal system, space group Triclinic, P¯1 
Temperature (K) 150 
a, b, c (Å) 10.2920 (4), 12.2449 (5), 15.3245 (6) 
, ,  (°) 69.6164 (5), 77.6764 (5), 71.6855 (5) 
V (Å
3
) 1706.86 (12) 
Z 4 
Radiation type Mo K 
 (mm-1) 0.25 
Crystal size (mm
3
) 0.57 × 0.28 × 0.15 
 
Data collection 
Diffractometer Bruker APEX 2 CCD area detector  
diffractometer 
Absorption correction Multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
Tmin, Tmax 0.872, 0.964 
No. of measured, independent and 
observed [I > 2(I)] reflections 
27388, 10365, 8760   
Rint 0.020 
(sin /)max (Å
-1
) 0.716 
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Refinement 
R[F
2
 > 2(F2)], wR(F2), S 0.040,  0.110,  1.02 
No. of reflections 10365 
No. of parameters 586 
No. of restraints 432 
H-atom treatment H atoms treated by a mixture of independent 
and constrained refinement 
max, min (e Å
-3
) 0.39, -0.40 
Computer programs: Bruker APEX 2, Bruker SAINT, SHELXS97 (Sheldrick, 2008), SHELXL2014/7 
(Sheldrick, 2014), Bruker SHELXTL. 
Table 6: Hydrogen-bond geometry (Å, º) for compound 360 
 D—H···A D—H H···A D···A D—H···A 
N2—H2···O2i 0.801 (18) 2.257 (18) 3.0198 (15) 159.3 (16) 
N2A—H2A···O2Aii 0.833 (18) 2.202 (18) 2.9982 (14) 159.9 (16) 
Symmetry codes:  (i) -x+1, -y+2, -z;  (ii) -x, -y+1, -z+1. 
9.2.0. X-ray crystal structure data of the compound 359 
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Compound 359 
Table 1: Crystal data, data collection and refinement for the 
compound 359. 
C22H21F3N2O2S F(000) = 1808 
Mr = 434.47 Dx = 1.375 Mg m
-3
 
Monoclinic, C2/c Mo K radiation,  = 0.71073 Å 
a = 20.8847 (10) Å Cell parameters from 10667 reflections 
b = 10.1378 (5) Å  = 2.3–30.5° 
c = 21.6005 (11) Å  = 0.20 mm-1 
 = 113.3429 (7)° T = 150 K 
V = 4199.0 (4) Å
3
 Block, colourless 
Z = 8 0.42 × 0.40 × 0.13 mm
3
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Data collection 
Bruker APEX 2 CCD diffractometer 6409 independent reflections 
Radiation source: fine-focus sealed tube 5572 reflections with I > 2(I) 
Graphite monochromator Rint = 0.020 
 rotation with narrow frames scans max = 30.6°, min = 2.1° 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
h = -2929 
Tmin = 0.920, Tmax = 0.974 k = -1414 
24632 measured reflections l = -3030 
 
Refinement 
Refinement on F
2
 Primary atom site location: structure-invariant 
direct methods 
Least-squares matrix: full Hydrogen site location: mixed 
R[F
2
 > 2(F2)] = 0.043 H atoms treated by a mixture of independent 
and constrained refinement 
wR(F
2
) = 0.121 w = 1/[2(Fo
2
) + (0.0665P)
2
 + 3.5126P]   
where P = (Fo
2
 + 2Fc
2
)/3 
S = 1.02 (/)max = 0.001 
6409 reflections max = 0.53 e Å
-3
 
276 parameters min = -0.26 e Å
-3
 
1 restraint  
 
Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 x y z Uiso*/Ueq 
C1 0.34913 (6) 0.13230 (11) 0.12388 (6) 0.0213 (2) 
C2 0.36951 (6) 0.08708 (12) 0.07295 (6) 0.0226 (2) 
C3 0.31881 (7) 0.05663 (14) 0.00943 (7) 0.0292 (3) 
H3 0.3326 0.0277 -0.0253 0.035* 
C4 0.24841 (7) 0.06822 (15) -0.00341 (7) 0.0330 (3) 
H4 0.2141 0.0477 -0.0468 0.040* 
C5 0.22877 (7) 0.10964 (14) 0.04718 (8) 0.0317 (3) 
H5 0.1806 0.1163 0.0385 0.038* 
C6 0.27817 (6) 0.14201 (13) 0.11089 (7) 0.0267 (3) 
H6 0.2637 0.1705 0.1453 0.032* 
N1 0.40236 (5) 0.16654 (11) 0.18733 (5) 0.0223 (2) 
H1 0.4407 (8) 0.1815 (17) 0.1886 (9) 0.027* 
S1 0.39054 (2) 0.25606 (3) 0.24492 (2) 0.02136 (8) 
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O1 0.33862 (5) 0.19478 (11) 0.26271 (5) 0.0322 (2) 
O2 0.45992 (5) 0.27410 (10) 0.29576 (4) 0.0271 (2) 
C7 0.35820 (6) 0.40961 (12) 0.20796 (6) 0.0212 (2) 
C8 0.29139 (7) 0.44802 (14) 0.19963 (7) 0.0268 (2) 
H8 0.2634 0.3921 0.2140 0.032* 
C9 0.26594 (7) 0.56940 (14) 0.16994 (7) 0.0320 (3) 
H9 0.2203 0.5961 0.1641 0.038* 
C10 0.30643 (8) 0.65212 (14) 0.14878 (8) 0.0345 (3) 
C11 0.37348 (7) 0.61125 (14) 0.15785 (8) 0.0333 (3) 
H11 0.4016 0.6673 0.1438 0.040* 
C12 0.39967 (6) 0.49028 (13) 0.18701 (7) 0.0270 (2) 
H12 0.4451 0.4630 0.1926 0.032* 
C13 0.27778 (11) 0.78258 (18) 0.11580 (13) 0.0571 (5) 
H13A 0.2475 0.7681 0.0683 0.086* 
H13B 0.3164 0.8407 0.1189 0.086* 
H13C 0.2508 0.8237 0.1388 0.086* 
C14 0.44420 (6) 0.06830 (12) 0.08540 (6) 0.0219 (2) 
C15 0.47627 (7) 0.13928 (13) 0.05123 (6) 0.0249 (2) 
F1 0.44143 (5) 0.23416 (9) 0.00736 (5) 0.0360 (2) 
C16 0.54530 (7) 0.11292 (14) 0.06281 (7) 0.0286 (3) 
F2 0.57526 (5) 0.18153 (10) 0.02839 (5) 0.0423 (2) 
N2 0.58354 (6) 0.02485 (13) 0.10526 (6) 0.0294 (2) 
C17 0.55590 (7) -0.04518 (14) 0.14150 (6) 0.0267 (2) 
C18 0.48675 (6) -0.02454 (12) 0.13111 (6) 0.0239 (2) 
F3 0.45859 (4) -0.09756 (8) 0.16634 (4) 0.03275 (19) 
C19 0.60260 (7) -0.14093 (16) 0.19257 (7) 0.0340 (3) 
H19A 0.5810 -0.1648 0.2244 0.041* 
H19B 0.6477 -0.0974 0.2188 0.041* 
C20 0.61634 (8) -0.26789 (16) 0.16052 (8) 0.0356 (3) 
H20A 0.6307 -0.2434 0.1235 0.043* 
H20B 0.6556 -0.3163 0.1949 0.043* 
C21 0.55344 (10) -0.35921 (17) 0.13265 (9) 0.0427 (4) 
H21A 0.5142 -0.3109 0.0983 0.051* 
H21B 0.5391 -0.3840 0.1697 0.051* 
C22 0.56740 (14) -0.48450 (19) 0.10089 (11) 0.0570 (5) 
H22A 0.5782 -0.4611 0.0620 0.085* 
H22B 0.5260 -0.5411 0.0860 0.085* 
H22C 0.6070 -0.5318 0.1342 0.085* 
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Table 3: Geometric parameters (Å, º) for compound 359. 
 
C1—C6 1.3984 (16) C12—H12 0.9500 
C1—C2 1.4045 (17) C13—H13A 0.9800 
C1—N1 1.4238 (15) C13—H13B 0.9800 
C2—C3 1.3955 (17) C13—H13C 0.9800 
C2—C14 1.4863 (16) C14—C15 1.3794 (18) 
C3—C4 1.3890 (19) C14—C18 1.3983 (17) 
C3—H3 0.9500 C15—F1 1.3439 (15) 
C4—C5 1.376 (2) C15—C16 1.3882 (18) 
C4—H4 0.9500 C16—N2 1.3021 (19) 
C5—C6 1.3930 (19) C16—F2 1.3403 (16) 
C5—H5 0.9500 N2—C17 1.3446 (18) 
C6—H6 0.9500 C17—C18 1.3868 (17) 
N1—S1 1.6357 (11) C17—C19 1.5026 (19) 
N1—H1 0.805 (14) C18—F3 1.3519 (15) 
S1—O1 1.4281 (10) C19—C20 1.541 (2) 
S1—O2 1.4415 (9) C19—H19A 0.9900 
S1—C7 1.7577 (12) C19—H19B 0.9900 
C7—C8 1.3899 (16) C20—C21 1.523 (3) 
C7—C12 1.3908 (17) C20—H20A 0.9900 
C8—C9 1.3921 (19) C20—H20B 0.9900 
C8—H8 0.9500 C21—C22 1.526 (3) 
C9—C10 1.390 (2) C21—H21A 0.9900 
C9—H9 0.9500 C21—H21B 0.9900 
C10—C11 1.398 (2) C22—H22A 0.9800 
C10—C13 1.509 (2) C22—H22B 0.9800 
C11—C12 1.3881 (19) C22—H22C 0.9800 
C11—H11 0.9500   
    
C6—C1—C2 119.46 (11) C10—C13—H13B 109.5 
C6—C1—N1 122.50 (11) H13A—C13—H13B 109.5 
C2—C1—N1 118.05 (10) C10—C13—H13C 109.5 
C3—C2—C1 119.67 (11) H13A—C13—H13C 109.5 
C3—C2—C14 118.85 (11) H13B—C13—H13C 109.5 
C1—C2—C14 121.47 (11) C15—C14—C18 114.93 (11) 
C4—C3—C2 120.56 (13) C15—C14—C2 122.25 (11) 
C4—C3—H3 119.7 C18—C14—C2 122.81 (11) 
C2—C3—H3 119.7 F1—C15—C14 120.57 (11) 
436 
 
C5—C4—C3 119.48 (12) F1—C15—C16 119.88 (12) 
C5—C4—H4 120.3 C14—C15—C16 119.54 (12) 
C3—C4—H4 120.3 N2—C16—F2 117.11 (12) 
C4—C5—C6 121.28 (12) N2—C16—C15 124.21 (13) 
C4—C5—H5 119.4 F2—C16—C15 118.68 (13) 
C6—C5—H5 119.4 C16—N2—C17 119.14 (11) 
C5—C6—C1 119.53 (13) N2—C17—C18 119.07 (12) 
C5—C6—H6 120.2 N2—C17—C19 117.71 (12) 
C1—C6—H6 120.2 C18—C17—C19 123.21 (13) 
C1—N1—S1 124.87 (8) F3—C18—C17 118.93 (11) 
C1—N1—H1 117.7 (12) F3—C18—C14 118.00 (11) 
S1—N1—H1 108.6 (12) C17—C18—C14 123.07 (12) 
O1—S1—O2 119.43 (6) C17—C19—C20 113.07 (12) 
O1—S1—N1 108.83 (6) C17—C19—H19A 109.0 
O2—S1—N1 103.93 (5) C20—C19—H19A 109.0 
O1—S1—C7 108.14 (6) C17—C19—H19B 109.0 
O2—S1—C7 108.85 (6) C20—C19—H19B 109.0 
N1—S1—C7 107.01 (6) H19A—C19—H19B 107.8 
C8—C7—C12 121.05 (12) C21—C20—C19 113.59 (13) 
C8—C7—S1 119.50 (10) C21—C20—H20A 108.8 
C12—C7—S1 119.45 (9) C19—C20—H20A 108.8 
C7—C8—C9 119.19 (13) C21—C20—H20B 108.8 
C7—C8—H8 120.4 C19—C20—H20B 108.8 
C9—C8—H8 120.4 H20A—C20—H20B 107.7 
C10—C9—C8 120.91 (12) C20—C21—C22 113.28 (16) 
C10—C9—H9 119.5 C20—C21—H21A 108.9 
C8—C9—H9 119.5 C22—C21—H21A 108.9 
C9—C10—C11 118.77 (13) C20—C21—H21B 108.9 
C9—C10—C13 120.32 (15) C22—C21—H21B 108.9 
C11—C10—C13 120.91 (16) H21A—C21—H21B 107.7 
C12—C11—C10 121.20 (13) C21—C22—H22A 109.5 
C12—C11—H11 119.4 C21—C22—H22B 109.5 
C10—C11—H11 119.4 H22A—C22—H22B 109.5 
C11—C12—C7 118.88 (12) C21—C22—H22C 109.5 
C11—C12—H12 120.6 H22A—C22—H22C 109.5 
C7—C12—H12 120.6 H22B—C22—H22C 109.5 
C10—C13—H13A 109.5   
    
C6—C1—C2—C3 2.12 (18) C8—C7—C12—C11 0.48 (19) 
N1—C1—C2—C3 -177.94 (12) S1—C7—C12—C11 179.95 (11) 
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C6—C1—C2—C14 -176.72 (11) C3—C2—C14—C15 63.71 (17) 
N1—C1—C2—C14 3.21 (17) C1—C2—C14—C15 -117.43 (14) 
C1—C2—C3—C4 -1.3 (2) C3—C2—C14—C18 -114.58 (14) 
C14—C2—C3—C4 177.62 (13) C1—C2—C14—C18 64.28 (17) 
C2—C3—C4—C5 -0.3 (2) C18—C14—C15—F1 -178.05 (11) 
C3—C4—C5—C6 0.9 (2) C2—C14—C15—F1 3.54 (18) 
C4—C5—C6—C1 0.0 (2) C18—C14—C15—C16 1.42 (18) 
C2—C1—C6—C5 -1.49 (19) C2—C14—C15—C16 -177.00 (12) 
N1—C1—C6—C5 178.58 (12) F1—C15—C16—N2 178.61 (12) 
C6—C1—N1—S1 -17.22 (17) C14—C15—C16—N2 -0.9 (2) 
C2—C1—N1—S1 162.85 (9) F1—C15—C16—F2 -1.53 (19) 
C1—N1—S1—O1 57.42 (12) C14—C15—C16—F2 179.00 (11) 
C1—N1—S1—O2 -174.30 (10) F2—C16—N2—C17 179.19 (12) 
C1—N1—S1—C7 -59.21 (11) C15—C16—N2—C17 -0.9 (2) 
O1—S1—C7—C8 -1.53 (12) C16—N2—C17—C18 2.00 (19) 
O2—S1—C7—C8 -132.69 (10) C16—N2—C17—C19 -176.89 (12) 
N1—S1—C7—C8 115.57 (10) N2—C17—C18—F3 178.28 (11) 
O1—S1—C7—C12 179.00 (10) C19—C17—C18—F3 -2.89 (19) 
O2—S1—C7—C12 47.83 (11) N2—C17—C18—C14 -1.4 (2) 
N1—S1—C7—C12 -63.91 (11) C19—C17—C18—C14 177.44 (12) 
C12—C7—C8—C9 -0.14 (19) C15—C14—C18—F3 179.98 (11) 
S1—C7—C8—C9 -179.61 (10) C2—C14—C18—F3 -1.61 (18) 
C7—C8—C9—C10 -0.1 (2) C15—C14—C18—C17 -0.34 (18) 
C8—C9—C10—C11 0.0 (2) C2—C14—C18—C17 178.06 (12) 
C8—C9—C10—C13 179.15 (16) N2—C17—C19—C20 -75.64 (17) 
C9—C10—C11—C12 0.4 (2) C18—C17—C19—C20 105.52 (16) 
C13—C10—C11—C12 -178.79 (16) C17—C19—C20—C21 -71.92 (17) 
C10—C11—C12—C7 -0.6 (2) C19—C20—C21—C22 179.88 (14) 
Table 4: Hydrogen-bond geometry (Å, º) for compound 359 
 D—H···A D—H H···A D···A D—H···A 
C6—H6···O1 0.95 2.41 3.0583 (18) 125 
N1—H1···O2i 0.81 (1) 2.18 (1) 2.9600 (14) 164 (2) 
 
Symmetry code:  (i) -x+1, y, -z+1/2. 
Document origin: publCIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925]. 
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Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2014/7 (Sheldrick, 2014); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL. 
Special details 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
 
Table 5: Experimental details 
Crystal data 
Chemical formula C22H21F3N2O2S 
Mr 434.47 
Crystal system, space group Monoclinic, C2/c 
Temperature (K) 150 
a, b, c (Å) 20.8847 (10), 10.1378 (5), 21.6005 (11) 
 (°) 113.3429 (7) 
V (Å
3
) 4199.0 (4) 
Z 8 
Radiation type Mo K 
 (mm-1) 0.20 
Crystal size (mm
3
) 0.42 × 0.40 × 0.13 
 
Data collection 
Diffractometer Bruker APEX 2 CCD diffractometer 
Absorption correction Multi-scan SADABS v2012/1, Sheldrick, G.M., (2012) 
Tmin, Tmax 0.920, 0.974 
No. of measured, independent and 
observed [I > 2(I)] reflections 
24632, 6409, 5572 
Rint 0.020 
(sin /)max (Å
-1
) 0.715 
 
Refinement 
R[F
2
 > 2(F2)], wR(F2), S 0.043,  0.121,  1.02 
No. of reflections 6409 
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No. of parameters 276 
No. of restraints 1 
H-atom treatment H atoms treated by a mixture of independent and 
constrained refinement 
max, min (e Å
-3
) 0.53, -0.26 
Computer programs: Bruker APEX 2, Bruker SAINT, SHELXS97 (Sheldrick, 2008), SHELXL2014/7 
(Sheldrick, 2014), Bruker SHELXTL. 
Table 6 :Hydrogen-bond geometry  for (Å, º) compound 356. 
 D—H···A D—H H···A D···A D—H···A 
C6—H6···O1 0.95 2.41 3.0583 (18) 125 
N1—H1···O2i 0.81 (1) 2.18 (1) 2.9600 (14) 164 (2) 
Symmetry code:  (i) -x+1, y, -z+1/2. 
9.2.1. X-ray crystal structure data of the compound 452 
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Table 1: Crystal data, data collection and refinement of the compound 
452. 
C13H8F4N2OS F(000) = 640 
Mr = 316.27 Dx = 1.652 Mg m
-3
 
Monoclinic, P21/n Synchrotron radiation,  = 0.7749 Å 
a = 16.1395 (10) Å Cell parameters from 9953 reflections 
b = 4.7286 (3) Å  = 3.5–33.7° 
c = 16.9471 (10) Å  = 0.38 mm-1 
 = 100.567 (4)° T = 100 K 
V = 1271.42 (14)  Å
3
 Needle, colourless 
Z = 4 0.30 × 0.01 × 0.01 mm 
 
Data collection 
Bruker APEX 2 CCD diffractometer 3900 independent reflections 
Radiation source: fine-focus sealed tube 3497 reflections with I > 2(I) 
graphite Rint = 0.046 
 rotation with narrow frames scans max = 33.7°, min = 1.8° 
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Absorption correction: multi-scan  
TWINABS v2008/4, Sheldrick, G.M., (2008) 
h = -2323 
Tmin = 0.895, Tmax = 0.996 k = 06 
36265 measured reflections l = 024 
 
Refinement 
Refinement on F
2
 Primary atom site location: structure-invariant 
direct methods 
Least-squares matrix: full Secondary atom site location: all non-H atoms 
found by direct methods 
R[F
2
 > 2(F2)] = 0.032 Hydrogen site location: difference Fourier map 
wR(F
2
) = 0.080 All H-atom parameters refined 
S = 1.04 w = 1/[2(Fo
2
) + (0.0374P)
2
 + 0.4544P]     
where P = (Fo
2
 + 2Fc
2
)/3 
3900 reflections (/)max = 0.001 
223 parameters max = 0.32 e Å
-3
 
0 restraints min = -0.26 e Å
-3
 
 
Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 x y z Uiso*/Ueq 
N1 1.04872 (10) 0.6305 (3) 0.43033 (8) 0.0301 (3) 
C1 1.09005 (10) 0.4407 (4) 0.39724 (9) 0.0275 (3) 
F1 1.17179 (7) 0.4122 (3) 0.42732 (6) 0.0425 (3) 
C2 1.05417 (9) 0.2724 (3) 0.33360 (8) 0.0216 (3) 
F2 1.10170 (6) 0.0835 (2) 0.30381 (5) 0.0279 (2) 
C3 0.96940 (9) 0.3027 (3) 0.30132 (8) 0.0185 (2) 
C4 0.92552 (9) 0.5009 (3) 0.33797 (8) 0.0220 (3) 
F4 0.84312 (6) 0.5376 (2) 0.31310 (6) 0.0291 (2) 
C5 0.96821 (11) 0.6578 (3) 0.40113 (9) 0.0269 (3) 
F5 0.92573 (8) 0.8485 (2) 0.43589 (6) 0.0373 (3) 
S1 0.91959 (2) 0.09369 (7) 0.22013 (2) 0.01981 (8) 
C6 0.89004 (9) 0.3644 (3) 0.14728 (8) 0.0180 (2) 
C7 0.80532 (10) 0.4316 (3) 0.12416 (9) 0.0237 (3) 
H7 0.7646 (12) 0.348 (4) 0.1489 (11) 0.024 (5)* 
C8 0.78043 (10) 0.6343 (3) 0.06548 (9) 0.0262 (3) 
H8 0.7204 (13) 0.681 (5) 0.0502 (11) 0.028 (5)* 
C9 0.84076 (10) 0.7681 (3) 0.03043 (8) 0.0230 (3) 
H9 0.8245 (13) 0.910 (5) -0.0085 (12) 0.030 (5)* 
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C10 0.92525 (9) 0.7010 (3) 0.05247 (8) 0.0197 (3) 
H10 0.9663 (13) 0.787 (5) 0.0277 (12) 0.033 (5)* 
C11 0.95108 (8) 0.4972 (3) 0.11146 (7) 0.0165 (2) 
N2 1.03661 (7) 0.4226 (3) 0.13487 (7) 0.0168 (2) 
H2 1.0479 (13) 0.244 (5) 0.1435 (12) 0.035 (5)* 
C12 1.10359 (9) 0.6002 (3) 0.13968 (8) 0.0181 (2) 
O1 1.09630 (7) 0.8532 (2) 0.12442 (7) 0.0247 (2) 
C13 1.18829 (10) 0.4676 (3) 0.16770 (10) 0.0245 (3) 
H13A 1.1857 (14) 0.260 (5) 0.1667 (13) 0.039 (6)* 
H13B 1.2309 (13) 0.539 (5) 0.1383 (12) 0.035 (6)* 
H13C 1.2054 (15) 0.525 (6) 0.2242 (15) 0.050 (7)* 
 
Table 3: Geometric parameters (Å, º) 
 
N1—C1 1.304 (2) C7—H7 0.93 (2) 
N1—C5 1.309 (2) C8—C9 1.383 (2) 
C1—F1 1.3311 (19) C8—H8 0.98 (2) 
C1—C2 1.380 (2) C9—C10 1.383 (2) 
C2—F2 1.3352 (17) C9—H9 0.94 (2) 
C2—C3 1.385 (2) C10—C11 1.3961 (19) 
C3—C4 1.388 (2) C10—H10 0.94 (2) 
C3—S1 1.7636 (14) C11—N2 1.4094 (17) 
C4—F4 1.3307 (18) N2—C12 1.3595 (17) 
C4—C5 1.378 (2) N2—H2 0.87 (2) 
C5—F5 1.3338 (18) C12—O1 1.2248 (17) 
S1—C6 1.7815 (14) C12—C13 1.500 (2) 
C6—C7 1.389 (2) C13—H13A 0.98 (2) 
C6—C11 1.3975 (19) C13—H13B 0.98 (2) 
C7—C8 1.386 (2) C13—H13C 0.98 (2) 
    
C1—N1—C5 117.11 (14) C9—C8—H8 121.6 (12) 
N1—C1—F1 117.01 (14) C7—C8—H8 119.1 (12) 
N1—C1—C2 123.95 (15) C8—C9—C10 121.05 (14) 
F1—C1—C2 119.04 (15) C8—C9—H9 119.9 (12) 
F2—C2—C1 119.58 (14) C10—C9—H9 119.1 (12) 
F2—C2—C3 120.96 (13) C9—C10—C11 120.13 (13) 
C1—C2—C3 119.46 (14) C9—C10—H10 121.4 (13) 
C2—C3—C4 116.19 (13) C11—C10—H10 118.4 (13) 
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C2—C3—S1 121.76 (11) C10—C11—C6 118.66 (12) 
C4—C3—S1 122.03 (11) C10—C11—N2 121.52 (12) 
F4—C4—C5 120.27 (14) C6—C11—N2 119.82 (12) 
F4—C4—C3 120.57 (13) C12—N2—C11 126.10 (12) 
C5—C4—C3 119.16 (14) C12—N2—H2 116.7 (14) 
N1—C5—F5 117.05 (14) C11—N2—H2 117.0 (14) 
N1—C5—C4 124.10 (15) O1—C12—N2 123.11 (13) 
F5—C5—C4 118.85 (15) O1—C12—C13 121.45 (13) 
C3—S1—C6 99.44 (6) N2—C12—C13 115.42 (12) 
C7—C6—C11 120.70 (12) C12—C13—H13A 112.2 (13) 
C7—C6—S1 119.00 (11) C12—C13—H13B 112.2 (12) 
C11—C6—S1 120.23 (10) H13A—C13—H13B 111.6 (19) 
C8—C7—C6 120.11 (14) C12—C13—H13C 105.6 (14) 
C8—C7—H7 118.7 (12) H13A—C13—H13C 107 (2) 
C6—C7—H7 121.1 (12) H13B—C13—H13C 107.5 (18) 
C9—C8—C7 119.34 (14)   
    
C5—N1—C1—F1 -179.63 (15) C2—C3—S1—C6 -117.04 (12) 
C5—N1—C1—C2 0.7 (2) C4—C3—S1—C6 64.82 (13) 
N1—C1—C2—F2 -179.93 (15) C3—S1—C6—C7 -110.12 (12) 
F1—C1—C2—F2 0.5 (2) C3—S1—C6—C11 72.79 (12) 
N1—C1—C2—C3 0.3 (3) C11—C6—C7—C8 -0.6 (2) 
F1—C1—C2—C3 -179.29 (14) S1—C6—C7—C8 -177.68 (12) 
F2—C2—C3—C4 178.66 (13) C6—C7—C8—C9 0.0 (2) 
C1—C2—C3—C4 -1.6 (2) C7—C8—C9—C10 0.6 (2) 
F2—C2—C3—S1 0.4 (2) C8—C9—C10—C11 -0.6 (2) 
C1—C2—C3—S1 -179.85 (12) C9—C10—C11—C6 0.0 (2) 
C2—C3—C4—F4 -177.51 (13) C9—C10—C11—N2 179.56 (13) 
S1—C3—C4—F4 0.74 (19) C7—C6—C11—C10 0.6 (2) 
C2—C3—C4—C5 1.8 (2) S1—C6—C11—C10 177.67 (10) 
S1—C3—C4—C5 -179.93 (11) C7—C6—C11—N2 -178.98 (13) 
C1—N1—C5—F5 178.90 (14) S1—C6—C11—N2 -1.94 (17) 
C1—N1—C5—C4 -0.5 (2) C10—C11—N2—C12 35.3 (2) 
F4—C4—C5—N1 178.50 (14) C6—C11—N2—C12 -145.07 (13) 
C3—C4—C5—N1 -0.8 (2) C11—N2—C12—O1 0.8 (2) 
F4—C4—C5—F5 -0.9 (2) C11—N2—C12—C13 178.98 (13) 
C3—C4—C5—F5 179.78 (13)   
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Table 4: Hydrogen-bond geometry (Å, º) 
 
  D—H···A D—H H···A D···A D—H···A 
N2—H2···O1i 0.87 (2) 2.05 (2) 2.8761 (16) 157 (2) 
 
Symmetry code:  (i) x, y-1, z. 
Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2012 (Sheldrick, 2012); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL. 
Special details 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation of 
esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used 
when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 
Refinement. Refined as a 2-component twin. 
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9.2.2. X-ray crystal structure data of the compound 455 
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Table 1: Crystal data, data collection and refinement of the compound 
455. 
C13H7F3N2OS F(000) = 600 
Mr = 296.27 Dx = 1.617 Mg m
-3
 
Monoclinic, Pn Mo K radiation,  = 0.71073 Å 
a = 11.286 (2) Å Cell parameters from 3094 reflections 
b = 7.8164 (14) Å  = 2.6–26.3° 
c = 14.791 (3) Å  = 0.30 mm-1 
 = 111.102 (2)° T = 150 K 
V = 1217.3 (4) Å
3
 Tablet, colourless 
Z = 4 0.49 × 0.28 × 0.09 mm
3
 
 
Data collection 
Bruker APEX 2 CCD diffractometer 4930 independent reflections 
Radiation source: fine-focus sealed tube 4357 reflections with I > 2(I) 
Graphite monochromator Rint = 0.032 
 rotation with narrow frames scans max = 26.4°, min = 2.0° 
Absorption correction: multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
h = -1414 
Tmin = 0.867, Tmax = 0.974 k = -99 
9625 measured reflections l = -1818 
 
Refinement 
Refinement on F
2
 Hydrogen site location: inferred from 
neighbouring sites 
Least-squares matrix: full H-atom parameters constrained 
R[F
2
 > 2(F2)] = 0.044 w = 1/[2(Fo
2
) + (0.0773P)
2
]   
where P = (Fo
2
 + 2Fc
2
)/3 
wR(F
2
) = 0.118 (/)max < 0.001 
S = 1.04 max = 0.69 e Å
-3
 
4930 reflections min = -0.24 e Å
-3
 
363 parameters Absolute structure:  Flack x determined using 
1868 quotients [(I+)-(I-)]/[(I+)+(I-)] (Parsons, 
Flack and Wagner, Acta Cryst. B69 (2013) 249-
259). 
2 restraints Absolute structure parameter: 0.05 (4) 
Primary atom site location: structure-invariant 
direct methods 
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Table 2: Fractional atomic coordinates and isotropic or equivalent 
isotropic displacement parameters (Å2) 
 x y z Uiso*/Ueq 
N1 0.7881 (4) -0.3090 (6) 0.4740 (3) 0.0338 (10) 
C1 0.6676 (5) -0.3462 (6) 0.4472 (4) 0.0282 (11) 
F1 0.6383 (3) -0.5110 (4) 0.4517 (3) 0.0425 (8) 
C2 0.5694 (4) -0.2286 (6) 0.4134 (3) 0.0231 (9) 
C3 0.6020 (4) -0.0597 (6) 0.4066 (3) 0.0224 (9) 
C4 0.7300 (5) -0.0177 (7) 0.4373 (3) 0.0258 (10) 
F4 0.7699 (3) 0.1428 (4) 0.4373 (2) 0.0333 (7) 
C5 0.8179 (5) -0.1475 (7) 0.4694 (4) 0.0291 (11) 
F5 0.9416 (3) -0.1096 (5) 0.4995 (3) 0.0470 (9) 
S1 0.40834 (11) -0.28971 (15) 0.37998 (9) 0.0287 (3) 
N2 0.5057 (4) 0.0664 (5) 0.3715 (3) 0.0228 (8) 
C6 0.4057 (4) 0.0577 (6) 0.4100 (3) 0.0210 (9) 
C7 0.3518 (4) -0.0996 (6) 0.4158 (3) 0.0230 (9) 
C8 0.2532 (5) -0.1105 (7) 0.4515 (4) 0.0282 (11) 
H8 0.2172 -0.2183 0.4566 0.034* 
C9 0.2082 (5) 0.0386 (7) 0.4796 (4) 0.0304 (11) 
H9 0.1386 0.0330 0.5012 0.036* 
C10 0.2636 (4) 0.1933 (7) 0.4763 (4) 0.0278 (10) 
H10 0.2331 0.2939 0.4967 0.033* 
C11 0.3644 (4) 0.2041 (6) 0.4432 (3) 0.0232 (10) 
H11 0.4047 0.3108 0.4434 0.028* 
C12 0.4992 (5) 0.1579 (6) 0.2885 (4) 0.0267 (10) 
O1 0.5814 (4) 0.1375 (5) 0.2542 (3) 0.0344 (8) 
C13 0.3890 (5) 0.2766 (6) 0.2443 (4) 0.0291 (11) 
H13A 0.3802 0.3022 0.1773 0.044* 
H13B 0.4037 0.3830 0.2818 0.044* 
H13C 0.3111 0.2221 0.2449 0.044* 
N1A 0.6325 (4) 0.0103 (6) 0.6520 (3) 0.0311 (9) 
C1A 0.5360 (5) -0.0185 (6) 0.6787 (4) 0.0267 (10) 
F1A 0.5019 (3) -0.1829 (4) 0.6777 (2) 0.0400 (8) 
C2A 0.4693 (4) 0.1036 (6) 0.7089 (3) 0.0229 (9) 
C3A 0.5096 (4) 0.2729 (6) 0.7097 (3) 0.0242 (10) 
C4A 0.6096 (4) 0.3077 (6) 0.6792 (4) 0.0259 (10) 
F4A 0.6486 (3) 0.4670 (4) 0.6735 (2) 0.0368 (7) 
C5A 0.6682 (5) 0.1705 (7) 0.6537 (4) 0.0296 (11) 
F5A 0.7665 (3) 0.2000 (5) 0.6253 (2) 0.0442 (8) 
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N2A 0.4464 (4) 0.4034 (5) 0.7413 (3) 0.0231 (8) 
S1A 0.34062 (11) 0.05249 (15) 0.74434 (9) 0.0282 (3) 
C6A 0.3095 (4) 0.3975 (6) 0.7019 (3) 0.0225 (9) 
C7A 0.2501 (4) 0.2408 (6) 0.7027 (3) 0.0227 (9) 
C8A 0.1177 (5) 0.2322 (7) 0.6673 (4) 0.0281 (10) 
H8A 0.0761 0.1268 0.6680 0.034* 
C9A 0.0476 (5) 0.3779 (7) 0.6314 (4) 0.0318 (11) 
H9A -0.0425 0.3733 0.6090 0.038* 
C10A 0.1075 (5) 0.5310 (7) 0.6275 (4) 0.0300 (11) 
H10A 0.0583 0.6300 0.6014 0.036* 
C11A 0.2391 (4) 0.5405 (6) 0.6616 (4) 0.0258 (10) 
H11A 0.2802 0.6445 0.6571 0.031* 
C12A 0.5177 (4) 0.4971 (6) 0.8237 (3) 0.0259 (10) 
O1A 0.6303 (3) 0.4763 (5) 0.8590 (3) 0.0344 (8) 
C13A 0.4444 (5) 0.6142 (6) 0.8660 (4) 0.0286 (10) 
H13D 0.4999 0.6519 0.9306 0.043* 
H13E 0.3714 0.5526 0.8710 0.043* 
H13F 0.4146 0.7141 0.8239 0.043* 
 
Table 3: Geometric parameters (Å, º) for compound 455. 
 
N1—C1 1.305 (7) N1A—C1A 1.305 (7) 
N1—C5 1.314 (7) N1A—C5A 1.313 (7) 
C1—F1 1.338 (6) C1A—F1A 1.339 (6) 
C1—C2 1.388 (6) C1A—C2A 1.384 (7) 
C2—C3 1.384 (7) C2A—C3A 1.398 (7) 
C2—S1 1.769 (5) C2A—S1A 1.759 (5) 
C3—C4 1.388 (7) C3A—C4A 1.385 (7) 
C3—N2 1.420 (6) C3A—N2A 1.418 (6) 
C4—F4 1.333 (6) C4A—F4A 1.334 (6) 
C4—C5 1.379 (7) C4A—C5A 1.381 (7) 
C5—F5 1.337 (6) C5A—F5A 1.340 (6) 
S1—C7 1.772 (5) N2A—C12A 1.400 (6) 
N2—C12 1.400 (6) N2A—C6A 1.442 (6) 
N2—C6 1.437 (6) S1A—C7A 1.771 (5) 
C6—C7 1.388 (7) C6A—C11A 1.377 (7) 
C6—C11 1.390 (6) C6A—C7A 1.398 (7) 
C7—C8 1.396 (7) C7A—C8A 1.396 (6) 
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C8—C9 1.393 (7) C8A—C9A 1.380 (8) 
C8—H8 0.9500 C8A—H8A 0.9500 
C9—C10 1.370 (7) C9A—C10A 1.386 (8) 
C9—H9 0.9500 C9A—H9A 0.9500 
C10—C11 1.394 (7) C10A—C11A 1.388 (7) 
C10—H10 0.9500 C10A—H10A 0.9500 
C11—H11 0.9500 C11A—H11A 0.9500 
C12—O1 1.217 (6) C12A—O1A 1.199 (6) 
C12—C13 1.500 (7) C12A—C13A 1.513 (7) 
C13—H13A 0.9800 C13A—H13D 0.9800 
C13—H13B 0.9800 C13A—H13E 0.9800 
C13—H13C 0.9800 C13A—H13F 0.9800 
    
C1—N1—C5 117.2 (4) C1A—N1A—C5A 116.3 (4) 
N1—C1—F1 116.7 (4) N1A—C1A—F1A 115.4 (4) 
N1—C1—C2 124.9 (5) N1A—C1A—C2A 126.0 (5) 
F1—C1—C2 118.4 (4) F1A—C1A—C2A 118.6 (4) 
C3—C2—C1 117.4 (4) C1A—C2A—C3A 116.3 (4) 
C3—C2—S1 120.7 (4) C1A—C2A—S1A 122.8 (4) 
C1—C2—S1 121.9 (4) C3A—C2A—S1A 120.9 (4) 
C2—C3—C4 118.3 (4) C4A—C3A—C2A 118.9 (4) 
C2—C3—N2 120.0 (4) C4A—C3A—N2A 122.2 (4) 
C4—C3—N2 121.6 (4) C2A—C3A—N2A 118.9 (4) 
F4—C4—C5 119.4 (4) F4A—C4A—C5A 120.4 (4) 
F4—C4—C3 122.3 (4) F4A—C4A—C3A 122.0 (4) 
C5—C4—C3 118.3 (5) C5A—C4A—C3A 117.6 (4) 
N1—C5—F5 116.8 (5) N1A—C5A—F5A 116.2 (4) 
N1—C5—C4 124.0 (5) N1A—C5A—C4A 124.9 (5) 
F5—C5—C4 119.2 (5) F5A—C5A—C4A 118.9 (5) 
C2—S1—C7 97.7 (2) C12A—N2A—C3A 117.6 (4) 
C12—N2—C3 117.9 (4) C12A—N2A—C6A 124.4 (4) 
C12—N2—C6 124.9 (4) C3A—N2A—C6A 115.9 (4) 
C3—N2—C6 115.3 (4) C2A—S1A—C7A 98.2 (2) 
C7—C6—C11 119.8 (4) C11A—C6A—C7A 120.8 (4) 
C7—C6—N2 119.4 (4) C11A—C6A—N2A 121.0 (4) 
C11—C6—N2 120.8 (4) C7A—C6A—N2A 118.1 (4) 
C6—C7—C8 120.3 (4) C8A—C7A—C6A 119.4 (4) 
C6—C7—S1 120.7 (3) C8A—C7A—S1A 119.7 (4) 
C8—C7—S1 118.9 (4) C6A—C7A—S1A 120.9 (4) 
C9—C8—C7 119.2 (5) C9A—C8A—C7A 119.5 (5) 
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C9—C8—H8 120.4 C9A—C8A—H8A 120.2 
C7—C8—H8 120.4 C7A—C8A—H8A 120.2 
C10—C9—C8 120.5 (5) C8A—C9A—C10A 120.5 (4) 
C10—C9—H9 119.7 C8A—C9A—H9A 119.7 
C8—C9—H9 119.7 C10A—C9A—H9A 119.7 
C9—C10—C11 120.4 (4) C9A—C10A—C11A 120.4 (4) 
C9—C10—H10 119.8 C9A—C10A—H10A 119.8 
C11—C10—H10 119.8 C11A—C10A—H10A 119.8 
C6—C11—C10 119.6 (4) C6A—C11A—C10A 119.3 (4) 
C6—C11—H11 120.2 C6A—C11A—H11A 120.4 
C10—C11—H11 120.2 C10A—C11A—H11A 120.4 
O1—C12—N2 119.4 (4) O1A—C12A—N2A 119.7 (4) 
O1—C12—C13 122.5 (4) O1A—C12A—C13A 123.6 (4) 
N2—C12—C13 118.1 (4) N2A—C12A—C13A 116.6 (4) 
C12—C13—H13A 109.5 C12A—C13A—H13D 109.5 
C12—C13—H13B 109.5 C12A—C13A—H13E 109.5 
H13A—C13—H13B 109.5 H13D—C13A—H13E 109.5 
C12—C13—H13C 109.5 C12A—C13A—H13F 109.5 
H13A—C13—H13C 109.5 H13D—C13A—H13F 109.5 
H13B—C13—H13C 109.5 H13E—C13A—H13F 109.5 
    
C5—N1—C1—F1 179.7 (4) C5A—N1A—C1A—F1A -179.2 (4) 
C5—N1—C1—C2 0.8 (8) C5A—N1A—C1A—C2A -0.4 (8) 
N1—C1—C2—C3 0.8 (8) N1A—C1A—C2A—C3A 0.5 (7) 
F1—C1—C2—C3 -178.1 (4) F1A—C1A—C2A—C3A 179.3 (4) 
N1—C1—C2—S1 -179.1 (4) N1A—C1A—C2A—S1A -179.6 (4) 
F1—C1—C2—S1 1.9 (6) F1A—C1A—C2A—S1A -0.8 (6) 
C1—C2—C3—C4 -2.4 (7) C1A—C2A—C3A—C4A 1.2 (7) 
S1—C2—C3—C4 177.6 (4) S1A—C2A—C3A—C4A -178.7 (3) 
C1—C2—C3—N2 179.2 (4) C1A—C2A—C3A—N2A -179.0 (4) 
S1—C2—C3—N2 -0.8 (6) S1A—C2A—C3A—N2A 1.1 (6) 
C2—C3—C4—F4 -177.0 (4) C2A—C3A—C4A—F4A 176.5 (4) 
N2—C3—C4—F4 1.3 (7) N2A—C3A—C4A—F4A -3.2 (7) 
C2—C3—C4—C5 2.4 (7) C2A—C3A—C4A—C5A -3.0 (7) 
N2—C3—C4—C5 -179.2 (4) N2A—C3A—C4A—C5A 177.3 (4) 
C1—N1—C5—F5 178.2 (5) C1A—N1A—C5A—F5A -179.3 (4) 
C1—N1—C5—C4 -0.7 (8) C1A—N1A—C5A—C4A -1.6 (7) 
F4—C4—C5—N1 178.6 (5) F4A—C4A—C5A—N1A -176.2 (5) 
C3—C4—C5—N1 -0.9 (8) C3A—C4A—C5A—N1A 3.3 (7) 
F4—C4—C5—F5 -0.3 (7) F4A—C4A—C5A—F5A 1.4 (7) 
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C3—C4—C5—F5 -179.8 (4) C3A—C4A—C5A—F5A -179.1 (4) 
C3—C2—S1—C7 -33.1 (4) C4A—C3A—N2A—C12A -62.5 (6) 
C1—C2—S1—C7 146.9 (4) C2A—C3A—N2A—C12A 117.8 (5) 
C2—C3—N2—C12 -120.2 (5) C4A—C3A—N2A—C6A 133.3 (5) 
C4—C3—N2—C12 61.4 (6) C2A—C3A—N2A—C6A -46.4 (6) 
C2—C3—N2—C6 44.8 (6) C1A—C2A—S1A—C7A -146.8 (4) 
C4—C3—N2—C6 -133.5 (5) C3A—C2A—S1A—C7A 33.1 (4) 
C12—N2—C6—C7 118.4 (5) C12A—N2A—C6A—C11A 66.9 (6) 
C3—N2—C6—C7 -45.4 (6) C3A—N2A—C6A—C11A -130.1 (5) 
C12—N2—C6—C11 -62.9 (6) C12A—N2A—C6A—C7A -115.4 (5) 
C3—N2—C6—C11 133.3 (4) C3A—N2A—C6A—C7A 47.6 (6) 
C11—C6—C7—C8 2.3 (7) C11A—C6A—C7A—C8A -3.9 (7) 
N2—C6—C7—C8 -179.0 (4) N2A—C6A—C7A—C8A 178.4 (4) 
C11—C6—C7—S1 -176.6 (3) C11A—C6A—C7A—S1A 174.2 (4) 
N2—C6—C7—S1 2.1 (6) N2A—C6A—C7A—S1A -3.6 (6) 
C2—S1—C7—C6 32.2 (4) C2A—S1A—C7A—C8A 146.5 (4) 
C2—S1—C7—C8 -146.7 (4) C2A—S1A—C7A—C6A -31.6 (4) 
C6—C7—C8—C9 1.2 (7) C6A—C7A—C8A—C9A 0.7 (7) 
S1—C7—C8—C9 -179.9 (4) S1A—C7A—C8A—C9A -177.4 (4) 
C7—C8—C9—C10 -2.9 (7) C7A—C8A—C9A—C10A 1.9 (7) 
C8—C9—C10—C11 1.1 (7) C8A—C9A—C10A—C11A -1.3 (8) 
C7—C6—C11—C10 -4.1 (7) C7A—C6A—C11A—C10A 4.5 (7) 
N2—C6—C11—C10 177.2 (4) N2A—C6A—C11A—C10A -177.8 (4) 
C9—C10—C11—C6 2.4 (7) C9A—C10A—C11A—C6A -1.9 (8) 
C3—N2—C12—O1 -6.1 (7) C3A—N2A—C12A—O1A 7.0 (7) 
C6—N2—C12—O1 -169.6 (4) C6A—N2A—C12A—O1A 169.8 (5) 
C3—N2—C12—C13 173.1 (4) C3A—N2A—C12A—C13A -170.0 (4) 
C6—N2—C12—C13 9.6 (7) C6A—N2A—C12A—C13A -7.2 (7) 
Table 4: Hydrogen-bond geometry (Å, º) for 455. 
 D—H···A D—H H···A D···A D—H···A 
C8—H8···O1Ai 0.95 2.47 3.256 (7) 140 
C8A—H8A···O1ii 0.95 2.42 3.248 (6) 146 
 
Symmetry codes:  (i) x-1/2, -y, z-1/2;  (ii) x-1/2, -y, z+1/2. 
Document origin: publCIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925]. 
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Computing details 
Data collection: Bruker APEX 2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL2014/7 (Sheldrick, 2014); molecular graphics: Bruker SHELXTL; software used to prepare 
material for publication: Bruker SHELXTL. 
Special details 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell esds are taken into account individually in the estimation 
of esds in distances, angles and torsion angles; correlations between esds in cell parameters are 
only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell esds is used for estimating esds involving l.s. planes. 
Table 5: Experimental details 
Crystal data 
Chemical formula C13H7F3N2OS 
Mr 296.27 
Crystal system, space group Monoclinic, Pn 
Temperature (K) 150 
a, b, c (Å) 11.286 (2), 7.8164 (14), 14.791 (3) 
 (°) 111.102 (2) 
V (Å
3
) 1217.3 (4) 
Z 4 
Radiation type Mo K 
 (mm-1) 0.30 
Crystal size (mm
3
) 0.49 × 0.28 × 0.09 
 
Data collection 
Diffractometer Bruker APEX 2 CCD diffractometer 
Absorption correction Multi-scan  
SADABS v2012/1, Sheldrick, G.M., (2012) 
Tmin, Tmax 0.867, 0.974 
No. of measured, independent and 
observed [I > 2(I)] reflections 
9625, 4930, 4357   
Rint 0.032 
(sin /)max (Å
-1
) 0.626 
 
Refinement 
R[F
2
 > 2(F2)], wR(F2), S 0.044,  0.118,  1.04 
No. of reflections 4930 
No. of parameters 363 
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No. of restraints 2 
H-atom treatment H-atom parameters constrained 
max, min (e Å
-3
) 0.69, -0.24 
Absolute structure Flack x determined using 1868 quotients [(I+)-
(I-)]/[(I+)+(I-)] (Parsons, Flack and Wagner, 
Acta Cryst. B69 (2013) 249-259). 
Absolute structure parameter 0.05 (4) 
 
Computer programs: Bruker APEX 2, Bruker SAINT, SHELXS97 (Sheldrick, 2008), SHELXL2014/7 
(Sheldrick, 2014), Bruker SHELXTL. 
Table 6: Hydrogen-bond geometry (Å, º) for compound 455. 
 
 D—H···A D—H H···A D···A D—H···A 
C8—H8···O1Ai 0.95 2.47 3.256 (7) 140 
C8A—H8A···O1ii 0.95 2.42 3.248 (6) 146 
 
 
 
 
 
 
 
 
 
